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s Toward an Extenslon of Declislon Analysls to Competitive Sltuations. Major
] Professor: Jane M. Fraser.
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e Hhesis
o
f,:g:,\_ —=>The purpose of this researeh 1s to lay the foundation for the extenslon of
‘.5 Declslon Analysls to enable 1t () to advise a declslon maker In a competitive
DA
e
::::::: situatlon and (2) to model the preferences of declslon makers who do not
.’:“l’ )
v ( accept the axXxloms of Declslon Analysls. The Intention 1s to combine Game
. e L v
E: R) Theory with Decislon Analysls to accomplish the first goal. The second goal
1)
i 2
i;i will be achleved through the use of utllity models currently under develop-
("‘
J ment by several Investigators.
"53! \J
0
‘} ¥ A unified methodology 1s presented. It contalns three major parts: the
%)
Mot
k) model of the game, a typology of possible players, and a solutlon method.
e
] : The model 1s the Declslon Analysls decislon tree, modified to Include competi-
£ A4
[RBy
‘,i:;u : tors. The typology of players Is a modificatlon of a proposal by Harsanyl,
St
o ) [M%]?End contalns the decislon maker's Informatlon on hls opponents. The Lo
i - .
oy e
K solution method Itself has three major parts. The first Is the use of a modified A
7
\ . S e
- form of rationalizable solutions ({Bernbetm;—1984}-and [Pearce, 1U84}) as the
e
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( =7 baslc declslon method. The second Is the use of Bayeslan updating to galn

Cowt Information on the type of an opponent based on hls previous moves. The
i - third iIs the use of Hypergames {Beﬂae&t,-wr as an addltlonal method of
v . sensitivity analysls to ald In correctly analyzing the Infinlte regress of expecta-

tion.

"W The proposed methodology 1s mathematically equivalent to treating the
opponents’ moves as random events. However, the methods by which we
K assess these probabllitles and conduct sensitlvity analysls should make this

Kr model much more accurate than direct assessment.
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CHAPTER 1

INTRODUCTION

A. INTRODUCTION

The primary goal of this thesls Is to develop a methodology to extend
Decision Analysis to deal with declslons where the actions of competitors have
a direct Impact on the payoff recelved by the declislon maker. This requires
that we model and analyze the actlons of persons other than the decision
maker we are advising. A second goal Is to model the preferences of declslon
makers which cannot be modeled by expected utllity. This thesls does not
accomplish these goals, but It does outllne a structure for thelr accomplish-
ment. It 1s a report of research In progress and an outllne for further

research. We assume knowledge of the baslcs of Declslon Analysls, Utllity

Theory, and Game Theory.
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Others are working on methods to analyze real world competitive situa-
tlons, Fraser and Hipel [1984], Bennett and Huxham [1982], but they base
thelr work on Game Theory, rather than Declslon Analysls as we have. Oth-
ers have also been working on the Issue of expected utllity, Allals [1979], Bell
[1982 and 1985], and Machlna [1983] to name a very few. We Intend to make
extenslve use of the ldeas of these people in order to move toward our com-

mon objlectlves.

The remalnder of this chapter glves our philosophy, descrlbes and
Justifles our speclfic goals, and Introduces the general form of the proposed
methodology. Chapter II explalns and Justifies modificatlons to the usual
declslon tree. Chapter III covers a proposed typology of players to be used
with the model. Chapter IV explores solutlon methods and sensltivity
analysls. Chapter V concludes and summarizes the thesis and some specific

applicatlons Issues.

B. GOALS AND PHILOSOPHY

Our primary oblectlve 1s to develop a methodology to advise people
faced with difficult declislons In competitive slituations. We call this proposed
methodology Extended Declslon Analysls (XDA). This methodology could be
viewed elther as adding competlition to Declslon Theory or as making Game
Theory prescriptive, since it 1s obvious that elements of each wlll be neces-

sary. To accomplish this we combine Declslon Analysls and Game Theory to
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form a prescriptive theory for advising a specific declslon maker faclng active
competition. We choose to base our methodology on Declislon Analysls rather
than Game Theory because 1t 1s already equipped to analyze sltuations which,
by thelr very nature, have incomplete Information and Declslon Analysls Is

focused on the objectlve of advising a single decislon maker.

Some of the changes we make In Declslon Analys!s In order to deal with
competition may ease the use of non-von Neumann-Morgenstern utiitity. This
leads to our secondary goal of questloning expected utility as the sole prescrip-
tlve basls for ratlonal decislon making. We Intend to adapt the work of oth-
ers and to develop our own methods of dealing with departures from the stan-

dard axloms of Declslon Analysls.

The final goal 1s to comblne all of these factors Into a coherent, well
reasoned methodology that can be easily understood by the declislon maker
and easlly implemented by the analyst. This specifically Includes the design
of tree notatlon and the presentation of the data derlved from analysls of the
model. This Is the engineering goal as opposed to the two previous theoretlcal

goals.

Two general phllosophles underlte our efforts, one deallng with the rela-
tlonship between XDA and the declslon maker and the second deallng with
the structure of the model 1tself. The primary goal of XDA Is to ald the decl-
slon maker In making consistent and loglcal decislons based on his knowledge

and the assumptions which he chooses to make. We make no Judgments on

. % A g Kot "H"‘,-\. ‘1, 0 B L
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the normative value of the varlous possible assumptions. Although we reallze
that an analyst has a certaln responslbility to state hls consldered opinlons as
to what has normative value and what does not, we are not in that position.
We are In the position of deslgning and bulldlng an analytical tool of
sufficlent capabllity to allow the analyst to assist the decislon maker. This
leads us directly to the phllosophy of the methodology Itself. This Is a phllo-
sophy of flexibility. The goal Is that thls methodology wlll provide techniques
for carrying out a loglcal analysis of the game uslng all avallable data and any
reasonable set of assumptions which the declslon maker and his analyst care

to make.

C. JUSTIFICATION OF THE COMPETITION GOAL

Why Is 1t necessary to add the abllity to deal with competition to Decl-
slon Analysis? Declslon makers are faced constantly with difficult decislons In
which the actlons of competlitors must be taken Into account. There Is at
present no sultable methodology for advising declslon makers faced with such

problems.

There have been attempts to apply Declslon Analysis to sltuatlons In
which competitlon plays a large part but they have not been very successful.
In Decislon Analysls the only method for accounting for actions other than
the decislon maker's Is through a chance node. Bell [1984] attempted such an

analysls with disappolnting results. Whille von Winterfeldt [1980] attempted a

D/
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N
o
ga‘:. more detalled analysls uslng three separate declslon trees, one for each slde In
FLA)

R (
‘l'Jl
- the dispute, he felt that thls stilll falled to capture the Interactive nature of
S0
: ; . declslon making with competition.
K .
)
}:, ] Game theory poses a dlifferent problem. It can analyze games with both
& competltor and chance moves, but It does not alm to ald one particular

gl

. player. Its emphasls is on finding a solutlon that Is mutually prescriptive for
1\

all of the players. In addlitlon, only recently has there been much work

0l
:g: addressing the situatlon where the players are not Informed of the complete
p
!
:::a',. structure of the game, that is, games of lncomplete Information [Harsanyl,
 " 1967-8]. These criticlsms apply with nearly equal force to practical analysls
.‘(;}‘
{?;\ techniques based on Game Theory. None of them provides a practical frame-
¥ ' |
2 ( work to ald one declslon maker 1n making one decision.
0
: y For a more complete analysis of this issue see Rees [1084] and Fraser
' L]
' 2
Y and Rees [1985].
.
3
{z D. JUSTIFICATION OF THE UTILITY GOAL

-,‘. .‘

4

Many researchers have become convinced that the deviatlons of actual

O

Indlviduals from the dictates of Expected Utllity Theory are significant and

ks

require some modification of that theory. We agree that there are considera-

e

-
o

tlons of normatlve value which are not adequately addressed by Expected

Utllity.
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There Is a great deal of evidence that people do not make their declslons
In accordance with the tenets of Expected Utllity [Allals, 1979]. There is
indeed further evidence that these deviatlons from Expected Utlllty are sys-
tematic and predictable [Machina, 1983]). Indeed Blatt [1983], though some
what strident 1n his tone, has demonstrated a valld class of rational persons
whose actlons are both ratlonal and Inconsistent with Expected Utllity

Theory.

The substitutabliiity or Independence axlom 1s the axlom most often
attacked [Machina, 1983] [Munera and de Neufville, 1983] as the cause of
these Inconsistencles. The hidden implication of this axlom is that preferences
vary llnearly with probabllities. Psychologists have found that thls 1s not the
case [Tversky and Kahneman, 1981]. Actual preferences may vary with
changes In the shape of the distribution glven a constant expected value
[Lopes, 1984]. For over 200 years it has been more or less accepted that
preferences on value are not llnear, and that these preferences are both valid
and ratlonal; why should 1t be difficult to accept that the same 1Is true for pro-

babllitles?

Loomes and Sugden [1984] have attacked the valldity of both the sure
thing principal and the transitivity axlom. They argue that lotterles should be
viewed as “bundles of goods” and thus the quantity of possible outcomes,
even if unrealized (as we are speaking of a probabllistic event), has an effect

on the valuatlon of other outcomes, speclfically the one which actually occurs.
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Simllar arguments can be made to support normative value of the concepts of ‘

regret and disappolntment [Bell, 1982, 1985] [Hagen, 1984).

On another line, Pope [1984] has made an effort to resolve the problem
of the “Utllity of Gambling.” This concept of process oriented utility is both
llluminating and useful, If for no other reason than to ald persons who, when
faced with an Important decislon, do not want to be lnﬂ»uenced by it. As a
practical matter of application to Declsion Analysis however It seems to us
that the same Information can be captured by a utllity function modeled after
Ralffa’s ~~BRLT system [1968], where the utllity at the tip of the tree can be
expressly deflned as contalning all feellngs about the path used to reach that
tlp. Such a utllity functlon would have, however, no meaning when separated
from the tree and would make 1t very difficult to break out and ellmlnate

unwanted Influences on the utllity function.

There thus exists sufficlent doubt as to the normatlve value of the
Expected Utlllty model that any methodology which purports to advise decl-
slon makers must be able to accommodate those persons who find some or all
of the axtoms of Expected Utllity to be unacceptable. We see our function as
advising the declislon maker so that he can make reasoned, loglcal, and con-

sistent decislons based on hils bellefs, not as prescribing his bellefs for him.
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E. PROPOSED METHODOLOGY

The basls of our proposed methodology is a modification of Harsanyl's
[1967-68] method of dealing with games of Incomplete Information. Harsanw
proposed modellng a game of Incomplete Information as one in which vers,
Instead of belng unaware of certaln Information about thelr orr sn=. . are
unaware of the speclfic “type” of those opponents. The players d9, however,
have a subjective probabllity distrlbution over the types for each :yver. The
major assumption of the theory 1s that this distribution Is commonly held by
all of the players Involved In the game. Thus the game can be modeled as
beginning with a chance move which resolves the types of the players In such
a way that each player knows only his own type. In this form the game can
be reduced to normal form by taking expectatlon over this node and solved

using appropriate procedures.

The modlflcatlons we apply to this model are very extenslve as we are
Imposing thls Game Theory concept on what 1s baslcally a Declslon Theoretlic
framework. Since we have only the Informatlion avallable to one player we do
not need to assume that all players hold the same distributlon. For reasons
discussed In Chapter II we conduct most of our calculatlons In extenslve form.
Thus we do not model the sublectlve distributlon over opponent types as a
chance node, but as a repository of the Information which the declslon maker
has on that opponent. The typology presented in Chapter III alds the analyst

in ellciting that Information from the declslon maker. Our typology is loosely
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organlzed and flexlble emphaslzing word plctures easily understood by the
deciston maker. This typology also Includes definitions of the several possible
forms of the utllity functlon. To further Increase the flexibllity of this concept
we use a modificatlon of the concept of ratlonallzable strategles (Bernhelm

[1984] and Pearce [1984]) as the major solutlon method for opponent decision

nodes.

Ratlonallzable strategles are a mathematically well defilned concept
closely related to the lterative deletlon of strongly dominated strategles.
Bernhelm and Pearce rejected the usual notlon of equillibrlum as ratlonality
and returned to the basls of “ratlonal” thought as deflned In economics,
Savage's axloms. We modlfy this concept by argulng first, with March [1978],
that there are valld forms of ratlonality which are not related to calculated
rationality let alone the specific form of calculated rationality implied by
Savage’s axloms. Secondly, even If thls I1s not so, In order to effectlvely ald
our decislon maker we must be able to analyze all forms of ratlonality and
even systematlc Irrationality since these could be used by our opponents. The
Immedlate corollary Is that what Is a rationallzable strategy depends on one's
type of ratlonality. Thus our form of ratlonallzable strategles includes the
original concept and Indeed every Game Theoretlc solution concept as a sub-

set.

The last major new concept In our methodology Is the least developed at

this point In time, and has the most promise for Increasing the effectlveness of

> e‘.s A ' :..\n A ‘!l

3



WPV T wnyrarres L Ty TR RENReTIIRIET N ITRAaR TRARDT

10
Wy
R
i:i ( Declsion Analysls. We make two attemptis to lmprove the analysis of the
o
-193.‘
. Infinlte regress of expectation, problems of the form “I think that he thinks
e
;«(“.—“ that I think....”
o .
»
0
"g " In a sequential game a player's moves reveal Information on his actual
i:i type. This information should modify the declsion maker’s subjectlve distri-
)
]
:?‘ bution of that player’s type according to Bayes’ Rule, but this calculation
g.'.!
kX
leads to a direct confrontation with the Infinlte regress of perception. We
N
:": have ldentifled certaln structures for which these calculations are to be made.
Z:.
'
B The concept of hypergames proposed by Bennett [1977] and others Is a
:: ) method of analyzing In a systematic manner the effects of misperceptions by
3
v\,‘
,': players of each other’s utlilty functlons. In our framework we are, of course,
%’.
i'c%
( limited to the Information avallable to a single player; thus a formulation of
Ol!
L »
}" the hypergame Is a statement of the infinite regress. The procedure should be
e
i
;l easlly modifled to examine misperceptions other than those about utility, and
i could yleld excellent results.
!‘
)
o
0
by
W
s
;':i
4,
3
b
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: CHAPTER II

THE TREE

A. FORMAT AND THE MODEL

1. General Model

A real world competitlve sltuation Involves incomplete Information since

the only Information which we will have avallable 1s that which the declslon
f‘.!.& maker can provide us. In order to handle this we propose to use a
modificatlon of the model proposed by J. C. Harsanyl [1967-8], to deal with

i’;g‘; . Bayeslan games of Incomplete Information.

In Harsany!'s model the uncertalnty of one player about another is
.; modeled as uncertalnty about that player's type. A chance node at the begin-
v.:\:. ning of the game determines the players' types In such a way that although

37 ( each player Is aware of his own type he Is unaware of his opponents’. Each
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t
;::E‘ player 1s consldered to have a subjective distribution on the types of hls
) “0 (

Q'g.'
. opponents; In Harsanyl's model this distrlbutlon s commonly held by all of
ttbvﬁ'
:"a : the players. Thus the game trees as described below can be visuallzed as fol-
sf'\ ‘ :
:és lowing thls chance node which Is not explicitly shown In our model.

by,
» "
b
s
o
)
e
P(Ty=1,Tg=1) DAME 1,1

el

9:': FOR THREE PLAVERS

B OPPONENTS HAVE K AND L
'5::’ POSSBLE TYPES RESPECTIVELY
b,
| &

-l

2 P(Ty oK Ty =L)
o GAME K L
ed
we (
N Figure 1
'i" Harsany! Model

o
ey

.

;{l We avold the objectlons ralsed by Aumann and Maschler to games with
.»"""ii

W

'q: an Inltlal chance move as we Intend to conduct the majority of the analysis In
0‘ 1
I-' ﬁ
':§ extensive form. In fact, as the original purpose of this model was to allow a
{;’E . game of Incomplete information to be reduced to strategic form, we can do
.50

)
R )
[ away with this inltlal chance node altogether. Thus we can view the single
[

_' subjective distributlon we have access to, the declslon maker's, as a bellef
"“

)
AR,
,:: . structure Imposed on the game tree rather than a part of the tree ltself. This
‘Wl

[}
k>, allows us to avold objectlons to the use of tree dependent structural utilitles,

hl
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o
;:g:: ( derlved on the game tree, In what would be a different and much larger tree.
:!:" In addition 1t allows us to treat thls distribution as a prior and apply Baye-
éia":i':': . slan updating, based on the Information galned from the moves made by
«EEEE.::,E ) . other players, as part of our solutlon concept.

,‘T This model should allow us to deal with our decision maker's informa-
T(; tion and Judgments about his opponents In a well defined manner, provided

o that we have a practical typology of players as a framework to base this infor-

::.'::‘:: mation on, and a solution method which takes this Information into account.

b

o

L') 2. The Game Tree

SRt

‘E_‘:-' Our game tree willl be a comblnatlon of the forms used In Game Theory

o,

‘P - ( and Declslon Analysls, with Declslon Analysls predominating. The

‘s':g:: modificatlons which .we will employ are those which are necessary in order to

5%?: effectlvely model a competltive situation. We will use three types of nodes to

LN

:)L‘ construct our extenslve trees. As an example conslder figure 2 which Is a

W

:;:; representation of a declslon on whether or not to take your umbrella when

%::"3. going on a walk with a frlend.
"‘}E‘ ‘ There wlll be two types of decislon nodes. Those representing declslons

o
f’i - made by our declslon maker are shown as squares, labeled with the number

-_,‘, ' one and subscripted to Indicate Information set. In our example thils 1s the
§ first node, whether or not to take the umbrella. Those representing declslons |
' |
:: made by other players In the game are shown as dlamonds, labeled by !
R C f
s |
R
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3 “‘ numbers 2 through n to deslgnate which player, the labels are subscripted to
PP (

v;v
s ! Indicate Informatlon sets. In the example thls Is our frlend's decision on ‘
PR f i
“f: ~ whether or not to take hls umbrella; note that he makes his declsion without ]
s -

ﬁ;ﬁ ) knowing the result of our decision. Each branch from a decision node has a
1~70}‘ .

t‘ description of the declslon assoclated with 1t.

LN

.’%&'

"lc

V& TAKE RAN P

i:a:‘. UMBRELLA A

h) )

0 TAKE RAN 1-P

) UMBRELLA RAN

XN oortT P

NORAN 1-P

e la TAKE RAN P

§ ' UMBRELLA A

Ay NO

’:j DON°T RAN 1-P

- ( RAN

) P

g DONT

N A

2y NORAN 1-P

DO

e

[}

o Flgure 2

al| Umbrella Game

3

- e
R
o Ty

The notation we use on the two types of decision nodes Is different for

two reasons. The first reason Is that In our model the two types of nodes are

20

=

handled in lnherently different ways and mean very different things. The

> -

second reason Is that we want to emphasize thls difference In an easlly under-
stood and percelved manner, l.e., to facllitate visual presentation of the tree.

We are not changing notatlon with regard to informatlon sets just to be
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.“ ( different; Information acquisition under thls structure i1s not as well defined as
: In standard Game Theory as the game ltself Is not specifically defilned. In
5“; addlitlon we are attempting to take Into account at a specific declslon node
X .

"‘g o the effect of knowledge of events which are not predecessors of that node.
' Thus we require a more general notatlon for the informatlon state of a player.
‘: The concept of information horizon, which 1s under development and should
*: provide a useful tool In describing this situation, wlll probably use notatlon
l' similar to the standard game theory Informatlon set. The Information horizon
n

1}':,. may be a concept similar to a shared Information set for all players, a time
E’ horizon of common Information. Alternately, it may be necessary to have a
i" separate Information horizon structure for groups of players or even Individual
‘ ( players. This may be a substltute for or In conjJunction with a common infor- J
\' matlon structure.

*-’

3{ Chance nodes will be designated by a clrcle which is labeled with a
.,. letter, to show a speclfic stochastic process, which may be subscripted with a
f:: letter If the node Is not Independent of other chance nodes, and/or with a
: number If 1t Is conditlonal on a precedlng declislon node. For example In
: figure 2 the four chance nodes represent the chance of raln. The notatlon indl-
(,i . cates that these are the same process, and thus are not Independent of each
N

other, and that thelr probabllitles are not conditional on any previous decislon

'i: nodes. Each branch from a chance node has probabllitles as well as descrip-
)

ti tlons assoclated with 1t. These outcomes and their related probabliities may
A
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( be the same or different Independent of any of the node notation. In addltion
a further notatlon has proved necessary when deallng with decislon makers
who take structural utllitles Into account. Chance nodes may be connected
with a dotted llne; thls Indlcates that these nodes are resolved as a single
chance event. In thls case there will be no probabllitles on the branches
themselves, the probabllities Involved will be those assigned to the relevant
chance resolved subtrees. See the flgures In sectlon four for examples of this

notatlon.

The purpose of these changes In notation Is to increase the avallablilty
of Informatlon about the random aspects of the tree and stlll not clutter 1t
over much. This Informatlon becomes particularly lmportant when we are

( dealing with players who find the utllity concepts of regret and disappolnt-
ment slgnificant, as Information on the outcome of chance events off the path
actually traversed can have an effect on the utlllity at the tlp of the tree actu-

ally reached.

Each tlp of the tree has a payoff description assoclated with 1t. This

description has no utllity judgment attached to 1t.

B. JUSTIFICATION OF THE EXTENSIVE FORM

We intend to carry out as much of our analysls as possible In extensive
form rather than to collapse the game to strategic or normal form as Is often

done In Game Theory. Of course the reason that Game Theory does use the
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strateglc form so often is that that form of the game Is much easler to struc-
ture for the computations Involved with flnding a solutlon to the game. Thus
our declslon to avold the strateglc form s not without cost. The reasons for

1t follow.
1. The Herltage of Declslon Analysls

One of the major reasons for malntalning the extensive form is that the
majority of the audlence which we Wlsh to reach and ald with this methodol-
ogy Is already acqualnted with Declslon Analysls to some extent. They would
feel more famlilar and have more confldence In a technique which uses a for-

mat simllar to one which they are used to.

A second related reason Is found In the Hterature on Declslon Analysis,
A great deal of beneflt recelved from accomplishing a declsion analysls s
derlved from the act of drawlng the tree, without having to go through the
formal solutlon process [Brown, 1970]. One of the major goals of any form of
Decislon Analysls 1s to Increase the understanding which the decislon maker
has of the situation with which he is confronted. This Is easlly done In exten-

slve form and cannot be done as effectlvely with a strategic form model.

The arguments presented above are adequate to support the retention of
the extenslve form. They are not however sufficlent, by themselves, to sup-
port the eliminatlon of the strategle form, at least as a computatlonal device.

That 1s left to the followlng two sectlons.
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‘;W\“
ol
‘A ( 2. Solutlon Oblections
. Major objectlons have been made to the use of strategle form In Game
!
f ;-,‘C.‘. . Theory. The first comes from the work of Aumann and Maschler {1972
:l i
u . which relates to the invalldity of solutlons calculated 1n normal form when the
;1::: first node of the game 1s a move by chance. You will note that this applles
1Als
:‘,& directly to the Harsany! model which we are uslng. Harsany! has proposed a
o

modlification of his model based on a suggestion by Relnhard Selten. In this
AN
n)
'3" .(% Selten model the chance move determlning each player's type Is the last move
A

\e 4
rather than the first. This malntalns the valldity of the strategic form solu-

tlon but vastly Increases the size of the game, as every type of every player

i ‘: 1 must be carrled through to the end. However, It seems to us that this objec-
i
R 2 ( tlon applles to all games which contaln a chance node before a declslon node,
- as the objectlon would apply to the subgame which had that node as 1ts root.
R
'i\';: A simllar and perhaps more damaging result 1s the fact that perfect
E:?‘,s; equilibria of the strategic form of the game and of the extenslve form of the
S{'i?t game do not necessarlly colncide [van Damme, 1983, pp. 127]. This Is related
“.&:‘ to the fact demonstrated by Rees [1984] that one can move from extenslve to
3? ‘ strategic form and then back to extenstve form, resulting In a game which Is
_ ?- ’ different from the origlnal one. The mapplng between games In extenslve
—,-= form and games In strateglc form Is not one to one. All of which brings any
& -f- solutlon arrlved at In the strateglc form Into question. When we have gone to
L) )
é' the trouble of making our extensive form model as close to the reality of the

O
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sltuation as possible, what Is the polnt of computing a solution In strategic

form when we are golng to have to check its valldity In extenslve form after-

ward?

A recent article by Abreu and Pearce [1984)] raises what may be an even
more destructive argument agalnst the strategic form. They conslder four
axloms proposed by E. Kohlberg as standards which an attractive Game
Theory solutlon concept ought to satisfy. They show that thls set of axloms
1s Inconslistent In two separate ways, one of which Is germane here. They
show In thelr propositlon two that there exists no solution concept which 1s:
based on the normal form (axlom 1), nonempty (axlom 2) , and satisfles
subgame replacement (axlom 4).
(A41) 1s slmllar 1n spirit to subgame perfection....(A41l) Is
motlivated by the notion that If the subgame has only one plausl-
ble outcome, the solution of the game should be unchanged If the
subgame 1s replaced by that outcome. (A4) 1s closely related to
subgame truncatlon and subgame consistency.... {Abreu and
Pearce, 1984, p. 172]

Based on this result and the deslrabtllty of axloms two and four they end

thelr note with the statement, “We conclude that Propositilon 2 casts doubt

upon the possibility of deslgning a satlsfactory solutlon concept which exploits

only normal form information.” [Abreu and Pearce, 1984, p. 173]

3. Structural Ob)ectlons

Our contentlon Is that the transformation from extenslve to strategic

form causes a loss of Information about the game. As the mapping from
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1\‘"‘
" :
_} . ( extenslve to strategic games is not one to one, this Is obvious. We further
- contend that the Information lost may be necessary to correctly solve the
- .\
)
';‘ ) game. Specifically, one of our stated Intentions has been to be able to advise
ey
:_' : . even those declslon makers who are unable to subscribe to the axioms of Decl-
Mfa | .

:-} o slon Analysis. The Informatlon lost Includes Information on risk of the game
;—‘,_

iy

:} and on the structural aspects of the utllity function. This Information 1s
o

et

o necessary to those persons who conslder these elements In their analysis of the
"

,: 3 game. The information on the process and structural aspects of utllity could
{J

e be used In a strateglc form solution after 1t had been calculated in extensive
A

V0

form. However, the Information on risk 1s another matter.

W L}
§ .".
:::. " For people whose preference for probabllitles Is non-linear, expected utll-
ML

)

el ( 1ty I1s not valld as the sole declslon parameter, and expectation Is the pro-
}’ cedure used to reduce the chance nodes of a declslon tree to strateglc form.
e
'_,«? (A decislon parameter based on more than the first moment would, we feel,
1‘. =

J also lose 1ts valldity If used to take “expectation™ In order to collapse a game
(Y0
:.:;;‘
;)é tree to strategic form.) This is done, effectively, first by moving and combin-
)
:g, Ing all chance nodes so that there Is a single node at each tip of the tree and
” j then the outcome at that tlp Is considered to be the expected value of that
3 . node.

i
The following flgures, developed from a previous discusslon of Allals’
-‘_ -

v

'?:i': paradox [Ralffa, 1968], demonstrate the progressive loss of Information caused
ol

3.; by such a process. If one conslders flgure 3 as the true state of the world it
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% would appear obvious that the, mathematlcally equivalent, figure 4 presents a
(

K totally different plcture of the situatlon. Specifically the apparent chance of

;“é " recelving zero as a payoff 1s radlcally different. Figure 5 Is the equivalent of a

; o strateglic form representation of the game. There Is no evidence of the risk In

the game In this representation. A person with non-linear preferences toward

o risk has been deprived of Informatlon necessary for him to make a reasonable

? cholce.

“ -
> 89 $0 u=02

$ 1,000,000 u=08 E[u(A)}=0.978

$ 5,000,000 u=1

E{u(B))=0.909

SO u=0

Flgure 3
True Sltuation
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b 'Q; ’ =
S 1 $ 1,000,000 y=0.8
8

E{u(e)]=0.088

g 89
5"‘ g s 0 u=0

:' .u' 10 $ 5,000,000 u=1

Elu(b))= 0.10

-
BTy 80 $0 u=0

@ Flgure 4
Chance Nodes Moved to Tips

( Conslder flgures 3 and 4 as different sltuatlons, which just happen to be

i mathematlcally equlvalent.

Wl from figure 3, Elu(Alpha)= 0978
Yo Alphs from figure 4, Elu(Alpha)= 0.088
]

- Beta from figure 3, Elu( Beta)= 0.909
SOl from figure 4, E{u( Beta)= 0.10

i) \& Figure 5
"G Strateglic Form
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i
.;:l.u'
;; . There 1s no proper utllity functlon that will allow a person to choose A in
T
g (
. figure 3 and b In figure 4, a cholce which 1s perfectly reasonable to a person
tl" ?'
id
‘ Xy ) with a non-llnear preference for utllity. Thus, as the strateglc form of both of
1 \ -
B
;' these games 1s flgure 5, there 1s no utllity function which will allow such a
l‘ l‘ -
':;.u person to properly analyze these games 1n strateglic form. Obvlously any decl-
i '.
‘.‘7
,’E?:;. ston arrlved at In strategic form will be totally useless to people who have
:'0‘:’0
R non-linear preferences with regard to probablllity.
tai'g'.
Sy
’:}; 4. Posslble Uses of Strategic Form
:;?‘:'. M
1)
*ﬁv! Due to the drawbacks caused by the strateglc form we wlll be unable to
x»
3L-$ use 1t as our primary format for the solution of the game tree. However, its
“u
e
-&r\
& :E advantages for computation can be large and 1t may be possible to explolt
LN
(T
( them If it 1s done with care. There are three possible uses for a strategic form
oy
*.*C presentatlon of the game.
1930
1 . The first 1s In a general solutlon format. The strategic form could be
_}f’i used to solve games and subgames by direct analysls. Two provisions would
l?. (4
23
:' " have to hold for this to be a reasonable procedure. First, none of the players
L1
AR
: who have decislon nodes within the subgame should be of a type for whom
‘1. \.‘
3 .' . preferences for probabllitles enter non-linearly. Second, the proposed solution

must be carefully checked against the extensive form of the game In order to

P2

ensure that 1t I1s In fact a reasonable solutlon. Clearly this should only be con-

TR

"

= ol
a X

templated when the slze of the game Is so large that there will be slgnlficant

B
e

savings In computation effort by employlng the strateglc form.
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.
3
By
;‘a, The second posslble use o® the strateglc form 1s in the modlifled hyper-
=
. game analysls of thLe Inflnlte regress of perception. The current technlques in
ah
g:: this area requlire the use of the strategic form. In the near future, we have llt-

(3
§hy ‘
S .
';‘,:: tle hope of being able to come up with a reasonable presentatlon of this con-
0y .
;}gi. cept In extenslve form. Perhaps with sufficlent resort to ecmputer solution
)!i'.
:H: technlques aad graphlcs 1t will be possible to do so at a later date. Untll then
)
Q‘

KA the same imitatlons on the use of strateglc form must apply to hypergames as
{‘g to a general solution process.

Y

3::, The third posslble use of the strategic form Is In sensitlvity analysls.
o
"I Agaln the same general restrictions must apply. Here It may be possible to
§ make even more use of the computational power of the strateglc form as the
nk

3

0y ( necessity of repeatedly solving the game greatly lncreases the computational
KA
§ 4: requlrements. Thls Is also one area, when the varlous strategy optlons are
ot
)
eg' well known to the persons Involved, where presentation In the strategic form
Eu

i

:‘-); may actually enhance rather than degrade understanding of the situation.
i',‘ 4
i
" C. ASSESSMENT AND MODELING ISSUES

a7

The assessment and modeling of the tree in XD.A wlll be quite simllar to

.- the same functlons under standard Declislon Analysis. The same posslbllitles

for error exist and the same methods for avolding such mistakes wlll apply.

hY There are however, three additions to the process which may requlre new pro-
12y

el cedures: the use of opponent declslon nodes In the model, the Increased

B

e

i

) !:‘
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i
'a: ( capabllity for, and necessity of, presenting the Information avallable to the
.‘.l’a
L)
.t vartious players, and the resultant expansion of the capabliity of the chance
XN
":'g : nodes.
i
N . 1. Declslon Nodes
t:i'
) We do not feel that the use of opponent nodes will complicate the
l".
l"
(W
‘:l' modellng of the sltuatlon to any slignificant degree. It seems likely in fact
Lt
X that the abllity to explicitly record the presence of declslons made by other
:‘f
e W
'::: players wlill simpllfy the process. The malor pitfall IS one which 1s also
hO
)
::!! present when one Is attempting to model an opponent’s declislon as a chance
g
gi:‘ node; the determinatlon of what actlons 1t will be possible for the opponent to
)
;‘ take. Care must be taken to ensure that all possible actlons by the opponent
A
) ( are modeled. Fallure to conslder a critlcal option could lead the analysis to
L}
A
9{3{ provide Incorrect advice.
B
P
1)
! 2. Information
,':: There are three majJor methods In this model of presenting the informa-

tlon which 1s avallable to the different players at varlous polnts In the game.

These are: the Informatlon sets assoclated with the player declslon nodes, the

-t
..."

¥
g:‘ notatlon on the relatlonship between the chance nodes, and the concept of an
) )
) Information horlzon.
f"j;.: The baslc functioning of Information sets should be famlliar to all of our
2
el readers. Informatlon sets are used to show the Informatlon a player has with
i
i::
3
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relatlon to the outcomes of the nodes which are predecessors to that Informa-
tlon set, that functlon 1s unchanged within this model. However, due to the
possible importance In XDA of the results of chance and opponent declsion
nodes which are not predecessors, a more extensive notation s required in
order to record the Informatlon state of the player with regard to such nodes.
The chance node notation and the Information horizon are intended to cap-

ture and effectlvely display this Informatlon.

In this context the notatlon for the chance nodes Is used to determine
the amount of Information avallable to the players on the outcome of chance
nodes which are off the direct path to the root of the tree. There are three
levels of such Information. The first I1s that no Iinformation 1s avallable or thils
Information Is Irrelevant to the declslon maker, l.e., he 1s not aflected by

structural utllity. Obvlously, no speclal notation 1s required In this case.

The second level is knowledge of what actually happened at such a
node. Specifically, nodes with the same letter designation are deterministicly
related. That means that having experlenced the outcome of one of those
nodes a declslon maker can determlne, with certalnty, the outcome of the
node which he did not actually experlence, even though those two events may
have different probablliities. An example would be rolllng a slngle die, one
node belng whether or not the result was a slx, and the other whether the

result was even. Unfortunately, not all knowledge of the outcome of chance
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nodes Is related to experlencing a related node, this Is one of the reasons for

using Informatlon horlzons.

The third level of knowledge 1s knowing what would have happened at a
particular node If that path had been taken. This Is the Informatlon glven by
experlencing one of a set of nodes which are linked by a dotted llne. Chance
nodes that are this closely related should not be treated as separate stochastic
events, even though they are not preclsely the same event. An example would
be declding to play one coln In one of two slot machlnes, and observing the
results of someone else putting a single coln In the machine you decided
agalnst. For thils reason they are assessed and resolved as a single structure
rather than as Indlvidual nodes. A detalled discussion of this and related

issues appears In the followlng sectlon.

The subseripts Indlcate a lesser dependence relatlon between the nodes.
Nodes with the same letter subscript are not Independent. Nodes with the
same number subscript are condltloned on the same declslon or chance node,
though they may be Independent glven that conditloning. These notatlons
are Included primarlly for the use of the analyst In order to ald his under-
standing of the stochastic processes involved In the game. For the sake of
clarity they may, and perhaps should, be omltted from presentations to the
decislon maker. Assessment of these factors 1s covered In sectlon three and

specific examples are glven In sectlon four.
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)

Tt

(. The purpose of the Information horizon 1s to capture and display the

relevant Information which 1s not covered by elther of the two methods dls-

g: ) cussed above. Specifically It concerns knowledge of the outcomes of
E; . opponents’ declstons or random events which are not predecessors of the decl-
4 sion under conslderation. The outcomes of such events could be lmportant
'; due to their effect on the structural utllity of tips of the tree. The outcomes
"

of declslon nodes would be Important for the same reason and also for the

.4

Informatlon they may reveal concerning the type of the player who made the

e Yo

decision.

A specific horizon Is noted by a dotted line; 1t Is assoclated with a par-

g am, = PPN, =,

tlcular declslon node and passes through that node and no other. The out-
N ( come of all nodes to the left of the horizon are known and the outcome of

those to the right are not.

Assessment of the horizons will be a two fold problem. The first will
o involve obtalning the necessary Informatlon and the second the accuracy of
)

:; that Informatlon. The first will simply require asklng questlons that are not
necessary under Declslon Analysls. In additlon to asklng about the nature of
the node, we will have to ask when and under what conditions Information

about the outcome of the node will become avallable. As with all iInformation

B' sTaaacasa ad

one must also ask about the certalnty of that Information and conduct senst-

Py |

" R T Y

tivity analyses on critical factors where the data 1s in doubt.
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3. Chance Nodes

This sectlon covers modellng and assessing probabllistic sltuations
within the game. We willl cover general Information and advice. Section four
contalns several examples of the use of this expanded notation for chance

nodes.

The most Important Information at thils polnt I1s that modellng situa-
tlons where random events off the path are significant can become very com-
plicated very quickly. Consequently, the most Important advice we can glve
1s that before you make an attempt to model such a sltuation, you should be
very sure that 1t Is necessary. It wlll only be necessary If one of the players’
utility functlons Includes structural aspects of utllity (regret, disappointment,
annoyance) and computation of that utlilty requires Information on the out-
come of events elsewhere In the tree; l.e. it cannot be adequately modeled

using comparison to a prlor expectation.

There are two major Issues Involved in modellng groups of probabllistic
events In thls context, the actual relatlonshlp of the events and the Informa-
tlon avallable on the outcomes of those events. The flrst can be assessed
elther directly or Indlrectly. In the direct method you simply ask; “Is the pro-
babllity of event A different when declslon Z 1s taken as opposed to decision
X?" or “Does the occurrence of A change the chance of B occurring?”. In the
Indirect method you assess the probabllitles and use them to check the rela-

tlonships. This could be done elther using traditional technlques or by
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A4y 4 A

( presentilng the declslon maker with chance or fully resolved portlons of the
N tree and asking him to asslgn probabllities to each reallzation. We use the
term “chance resolved tree” to mean a realizatlon of the game tree where a
result 1s speclfied at each chance node but all other nodes are left unspecified.
.i A fully resolved tree Is where the resultant branch 1s specified for every node.
Assessing probabllities on chance or fully resolved trees Is an attractive option
leading to easy calculations of the relatlonship between the nodes. However,
i’ 1t Is not clear that decislon makers will be able to provide meaningfu! proba-
‘ bilitles using thls format as it has not been tested empirically. Unfortunately,

certaln Information states appear to require that probabllltles be assessed In

i 3

, this way (see example a below). The best method would probably be to do

- a a2

P

( both dlrect and Indirect analyses of the relatlonships between the chance
N nodes, using the assessments to check on the dlrect questions. The Informa-

tlon which one assesses Is presented as described above.

The second Issue Involves the Informatlon avallable on the outcomes of
- chance nodes off the path to the root of the tree. Thils can only be assessed
by asklng dlirect questions. A major part of the assessment will be discovering

whether or not the declsion maker wlll recelve Information on what would

have happened had that branch been taken or merely on what actually hap-

| oyt

pened when that branch was not taken. This also can only be assessed by

asking the questlon more or less dlrectly. Thlis 1s a result of the fact that this

ol ol el Ul Tl iy

assessment has to do wlith the perceptions of the declsilon maker, thus the

AT J hh"i"h‘i"(‘

"' oy -."-l."s ‘\$ '."‘.,". -.‘("*.' -.“ ~.‘ "‘hxu- ~ \:\ -. N -."\"‘ sty Y AN LWL




ETE R E T N N E N I T T TP TTERITIFRIC VT PU B OB FURCH TR IR ERNIN TR TR ETETENENATRREAEAISTRITR TR L™

31

( information modeled must be that which exist In the decision maker's percep-
tlon of reality, not the analyst's. What matters Is how the declslon maker
feels about the Information he will percelve. If he feels that he willl have

informatlon on what would have happened then 1t must be modeled as such.
4. Examples

In the following simple examples we wlll attempt to tllustrate the Issues
involved In the modellng of random events glven thls new notatlon. All of
these examples have the same baslc structure. Each Is a blnary declslon, each
branch of whilch 1s followed by a blnary random event. These examples
should be viewed as portlons of trees rather than whole trees. In such a

model two elements must be consldered, condltioning and Independence. I

The first questlon 1s whether the probabllities of the random events are
condlitlonal on which decision 1s made. Mathematlcally when we say that a
chance node Is condltlonal on a declslon we mean that the the probabllity of a
branch of the chance node 1s different depending on which branch of the decl-

slon node Is taken. Conversely we say that the chance node Is unconditioned

If 1ts probabllities are the same for different declstons (P,[X] = Py[X}).

A
-"-

1

The second question 1s whether the random events are Independent of

[

S

each other. We conslder a palr of chance nodes to be independent with refer-
ence to a particular declsion branch If the probabllity that a speciflc branch Is
taken at each chance node, glven that that declslon branch Is taken, Is equal

to the product of the probablilties of each branch individually, again glven
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that the speclfic declslon branch Is taken (P,[XandY] = P,[X] XP,[Y]).

As condltioning 1s a binary relation on chance nodes and Independence
Is a blnary relatlon on declslon branches thls glves us two to the fourth power
or sixteen possible examples of the form we have outllned. However, as 1t
does not matter which decislon branch or chance node is Indlcated when one
1s and the other Isn't we only need consider nlne examples. We will discuss
all three levels of Information about ofl-the-path random events and suggest

assessment technlques for each example.

a. Two Dependent and Two Conditional

Conslder a decislon on whether to hold a plenic In the mountalns or at
the beach. In either locatlon there Is a posltlve probabllity that 1t will raln
and ruin the picnlc. Further thils declston is belng made by Attlla the Hun
and hls horde of 10,000 men and If the declslon 1s made to go to the moun-
talns Attlla’s favorite pastlme of burning villages wlll cause a great deal of
smoke which will change the probabllity of raln both In the mountalns and on
the beach. At the beach Attlla will surf rather than burn villages. Figure 6 Is
a model of thils situatlon where the structural aspects of the utlllty function
are not \mportant to the player. The outcome of the nodes Is not Indepen-
dent and Is conditional on the declsion node, as the notatlon Indlcates, how-
ever they can be treated as Independent unconditioned events as the outcome

of the off-the-path node Is Irrelevant. The quantitles p and q are merely the

e

R T T L R R PR “ TR :
NAY I \.\‘\"\J- . \ AN N ‘w W ',.‘(- \ “ " ~.. b

ALY

$‘.-

LH

.t )

g




T RS T TR Y TS W WS W AV @ T T T

33

chance of raln at thelr respectlve locatlons given that Attlla chooses that loca-

tlon for the plenle.

Rain in Mtns
p
AAl D=Pm (Rn)
Mtns
1=p
Clear in Mtns
1
q Rain at Bch
Bch
Al q:Pb (R.B.)
1-q Clear at Bch
Figure 6

10,000 Man Pilcnle

Figure 7 represents a sltuatlon where the player will galn knowledge of
the actual outcome at the off-the-path node and thls knowledge Is relevant to
his utility function. In effect the ofl-the-path node has been put partlially on
the path. Note that the notatlon describes the two nodes as condltioned but
independent; thls can be done as one node contalns all of the Information

avallable to the player on the outcome of the declslon.
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s, RM.RB. U=Pm (R.M.,RB.)
R.M.,C.B. b=Py (RM.,CB)
A c=Pm (C.ﬂ.,R.B.)
Mtns AN CH.RB d=Pp, (C.M.RB)
| 9\ cm.cB.
w/ RM.RB. W:PD (R.H.,R.B.)
Bch X, RM.,CB. x=Pp (RM.,CB)
¢ BI y 9=Pb (C.N.,R.B.)
C.N.,R.B. z=Pb (CN.,R.B)
Z\NCM.CB.
Figure 7

Actual Outcome Model

The quantitles a, b, ¢, d, w, X, ¥, and z are conditlonal probabllities of thelr
respectlve outcomes glven that Attila chooses a specific location for the picnic.

Figure 8 shows two alternate forms of the effectlve result of the chance nodes;

elther or both could be used to assess the probablllities involved.
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R
o RH.CB. CM.RB.
s
4|
::{?gs. C.M.RB. RM.,CB.
Wpeite
iy
;l:' b 1-r 1-u
B W C.B. CM.CB. CM. cHM.C8.
7;.-,*.., : p=P(R.M.) Condition 8l =P(RB.)
i‘-’ =P(RB.IR.M.) probabilities on t=P(RMIRB)
ey r=P(R.B.IC.M.) decision u=P(R.M.IC.B.)
‘P$
1Y
3 ‘: 2 Flgure 8
s ( Assessment
}’;C;:'
ey Flgure 9 1s a model of the sltuatlon glven that the player has Informa-
rerd :
e tlon on what the outcome of the off-the-path node would be If the other decl-
J
;i';a‘g slon had been made. The nodes are, as Indicated by the notatlon, conditional
Wy
s
:' ‘ and dependent; In addltlon the llne connectlng them Indlcates that they must
A
be resolved as a whole. This sltuation cannot be modeled as In figure 7
W )
VaN]
:: . because the Information avallable to the player cannot be captured In a single
‘ 3%
A :
PO decision node. The reason for this 1s that in this situation
,S;r P(Raﬁx in the Mountains and Rain at the Beach)
i
et
b Is based on
e
4 [}
- Pmountains(Rain In the Mountains) and Py, (Rain at the Beach)
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the probabliltles are conditioned, but not on the same event and they are not
Independent. The reverse 1s not true; the model Implled by figure 9 could be
used to analyze the situation in figure 7. However, as the procedure outilned
In the previous paragraph s more famlllar to practitloners of Declslon

Analysls we feel that 1t should be used where possible.

R.M.
Ay
Mtns v
: C.M.
1 :
. R.8.
Bch -
Ay
c.B.
Figure 9

Postulated Outcome Model

For the same reason that figure 9 cannot be represented In a famlllar
manner, the probabllitles assoclated with 1t cannot be assessed In the conven-
tlonal manner. Flgure 10 shows the fully resolved trees for which probabill-
tles must be assessed ln order to model this situatlon. These probabilities
would be used to dlrectly resolve the coupled nodes dependent on the declslon
branch taken. The probabllities for trees one through four and five through

eight must sum to one.
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FRT 6
Bch
RM.,CB.

Flgure 10
Fully Resolved Trees
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b. Two Dependent and One Conditional

Conslder an example as above except that Attlla only takes 1,000 men
along on his plenle. Thus If he chooses to go to the mountalns the smoke will
only be sufficlent to lncrease the chance of raln {n the mountalns, not at the
beach. The sltuatlon where the player has or requires no Information on the

outcome to the of-the-path chance node Is shown In figure 11.

Rain in Mtns

1]
Mtns
1-p
Clear in Mtns
1
q Rain at Bch
Bch
A =P (R.B.)
1-q Clear at Bch
Flgure 11

1,000 Man Plcnlc

The model, glven actual information on off-the-path outcomes, 1s 1dent}-
cal to the one in the previous example (figure 7). The only difference 1s that
In assessing the probabllities (figure 8) q, r, and s would be the same regard-

less of the declslon taken. The model for a situatlon with Informatlon avall-

able on what would have happened at the off-the-path node is also the same

S ath it
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;f o (figure 9). In this case there Is no significant difference In the assessment pro-
5 (
2 cedure.
‘f-\ - ¢. Two Dependent and Unconditional
n
.}s:! . Conslder an example as the two above when the decislon Is made by an
gi:’ ordinary player whose declslon wlll have no eflect on the chance of rain. Fig-
j:.' ure 12 1s a model of this situation where the structural aspects of the utility
¥,
. l..
nHy
function are not important to the player. Agaln the outcome of the nodes 1s
L
&)
C not lndependent but can be treated as such because the outcome of the off-
F the-path node Is Irrelevant. The values of p and q are merely the chances of
¥
‘1
I raln at thelr respectlve locatlons.
¢,
“A
,
o H\.I
:}; 0 Rain in Mtns
1 ‘N p=P (RM)
' ) Mtns
56 i-p
Ko Cleer in Mtns
:;t‘ 1
£ q Rain st Bch
' _ Beh
' A q=P (RB.)
SOl 1-
] 9 Clear al Bch
1y .
)
)
e Figure 12
$ Normal Picnlc
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9ty
2 In this case as the declslon of the player has no effect on the outcome of
3 (
! z the random event there 1s no difference between knowlng what actually
(Wod
i"’?‘ . occurred at the off-the-path chance event and knowling what would have
o
L ! )n -
:. N o occurred had the other path been taken. Glven any Information on the off-
‘e?u
‘,."‘ the-path result the player knows what would have happened. Consequently
‘ol
2 l' R
4
':: ; elther method of modellng the sltuatlon can be used. For those Interested In
9'.‘
1N,
a,t?! slmplicity figure 13 adequately models the situation. Note that the two nodes
4 ': are determlnlistically related, and are In fact 1dentical. Assessment In this case
‘ ”
T
. { would use flgure 8 as the example above, but 1t 1s not necessary to condltion
WL
K
‘:, on the decislon branch taken. For those Interested In consistency figure 14 Is
','-,\
A x the preferred model of thls situatlon. However, 1t Is no longer necessary to
b~
a0 assess the
i C
2 ‘.'f:
; ‘I
488
J
" "!.
o a, RM.RB.
Gt RM.CB.
) s A
[\
' ¢
i Mtns CM.RB. RILRE)
& d a=P R.".,R- .
Pl - , tn.co. b=P (RM..C.0)
'-3 o, RM.RB. c=P(CM.RB)
j R" CB d:P(C.ﬂ.,R.B.)
A Bch e
. i A ¢
e CM. RB.
BOR,
Oy A d\ cM.CB.
l." Y
R
Bt Figure 13
i, Actual Outcome Model
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probabliitles on fully resolved trees; chance resolved trees (figure 15) will

a’a’a"a’a

s sufice. If there Is some doubt that the chance nodes are Indeed unconditional

1t 1s possible to assess the probabliitles on the fully resolved trees and then

ol
.

At

,‘\ check to see If: P(FRT1) equals P(FRT5), P(FRT2) equals P(FRTS8), P(FRT3)
“ equals P(FRT7), and P(FRT4) equals P(FRTS).

[

‘:’.

g

;‘ R.M.
\
l‘ A
Mtns /7
: cM
y 1 :
e : RB.
™ ( _Bch H
. A
[)
p
‘ C.B.
4
J
b
Flgure 14
. Postulated Outcome Model
‘ A ]
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CRT 2 /‘

R.M.CB.
CRT 3
CRT 4
C.M.RB.
RB c.M.CB.

/
/

/

Flgure 15
Chance Resolved Trees

d. One Dependent and Two Conditlonal

Conslder the followlng sltuation. There are two stacks of cards, 1 and
2, each contalnlng one red and one black card. Chance event A Is to ran-
domly turn a member of stack 1 face up; chance event B Is the same for stack
2. Declslon a Is to add one black card to each stack and ablde by event A.

Declslon b 1s to randomly take a card from stack 1 without looklng at 1t,

A

B
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a3 .a ¥

place 1t in stack 2, and then ablde by event B. The probablllity of drawing a

-
s

S black card 1s 2/3 If declslon a is taken and 1/2 If decislon b Is taken, thus

both events are conditional. The events are Independent if decislon a s made

P L P

and dependent If declslon b Is taken. Flgure 18 shows the model where the

off-the-path event Is irrelevant. Although the two nodes are not completely

,: Independent they may be treated as such.
h
)
A Black
P
A‘ p:Pa (AB)
y a
: e A Red
( 1

q B Black
v b
€ 1- 8 Red
' Flgure 16

One Dependent and Two Conditional

Flgure 17 shows the situatlon where the player has Information on the
actual outcome at the off-the-path chance node. Due to the re-modellng the
two nodes are now determlinlstically related and both nodes are conditloned as
event A Is conditional on the decision made. Assessment would be slmllar to

that used In example a (see figure 19). The probabllity q will equal r and t

o e
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§::f' wlll equal u when conditloning on declslon a. The model of the situation
" ( where the player has Information on what would have happened 1s shown In
.o S
ﬁ:‘\,; : figure 18; assessment would have to be on fully resolved trees as In example a.
S
b
'1_‘:_‘
3 *’,,"\.‘
v
\ ~£}|
~
"ri‘*
e 3
“:-; w, AB. BB.
A W:Pﬂ (A.B.,B.B.)
AB.BR  x-P.(AB.BR)
: N, ¢ y y=P4 (AR.,B.B.)
» *:;6 ) AR.DBD. 2=P4 (AR.,B.R)
-*::j Z\ AR.,BR.
. 1
Cx P, AB.BB.  p.p(AB.BB)
e 9. aB,BR.  q=Pp(AB.BR)
-:'E: b C‘ r f.= Pb (A.R.,B.B.)
:::; AR.BB. s= Pp(AR.,BR)
i ;;‘»
‘. !

( S\ AR.,BR.

LS Flgure 17
\’, ’ Actual Outcome Model
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K : AB.
i ) -
k)

AR.

iy

B.B.

-
sscssesescans

iy

BR.

Flgure 18
'.’ Postulated Outcome Model

AB. BB. AB. AB.BB.
AB. BR. AR.,BB.

AR.B.B. AB.BR.

BR. AR.BR. AR. AR.BR.

4

i . p=P(A.B.) Condition ail s=P(BB.)
q=P(B.B.|AB.) probabilities on t=P(AB.|B.B.)
r=P(B.B.|AR.) decision u=P{A.B.IB.R.)

AR

ot N

Figure 19
Assessment
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:ﬁ ' e. One Dependent and One Condltional
)

o Conslder the situatlon with the two stacks of cards as above. In this
case declslon a Is to add a black card to stack 1 only and then ablde by event
. 0.: . B A. Declslon b 1s, agaln, to randomly take a card from stack 1 without looking
[ at 1t, place 1t In stack 2, and then ablde by event B. The probabllity of draw-
- Ing a black card In event A Is 2/3 for declslon a and 1/2 otherwlise. The pro-
babllity of drawing a black card Is always 1/2 for event b. Thus only event A
\ 1s dependent. The events are Independent If decislon a 1s made and depen-

dent If declslon b Is taken. Figure 20 shows the model where Information off

the path Is Irrelevant. Agaln, although the two nodes are not Independent

"y they may be treated as such.

o't A Black

3:5.‘ Ay p=P, (AB)
o\s a

t -

N 1-p A Red

B Black

. ) * B q:P (B.B.)

e 1-q B Red

‘).% Flgure 20
$" One Dependent and One Condltlonal
(
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i
::..’,:: The model of the actual outcome situatlon will again be figure 17.
t (
W
: Assessment, using flgure 19, will be easler as s, q, and r will not change when
gttt
el .
"'::( . condltloning on the declslon and, in additlon, q will equal r and t will equal u
a'.;-é: :
f:'@ , : when conditloning on decislon a. Flgure 18 will be the accurate model of the

situation where the player has Information on what would have happened;

assessment wlll need to be made on fully resolved trees.

f. One Dependent and Uncondlitlonal

Agaln conslder the two stacks of cards. For thls example declslon

;’«'t‘ branch a Is to simply choose to ablde by event A. Declslon branch b Is to

'.';'.::' randomly take a card from stack 1 without looklng at it, place 1t In stack 2,

1) 'I"

N

:'.é?' and then ablde by event B. The probablllty of drawing a black card for
]

(L% (

- elther event for elther decislon s 1/2, so the events are not conditioned on the
S

?:: declslons. The events are Independent If declsion a 1s made and dependent If

‘O

; decislon b is taken. Flgure 21 models the sltuation where Informatlon on the

J

:'\ Y off-the-path random event Is Irrelevant.

s

":% As In the third example the declslon has no effect on the probabilities of
. the chance nodes so elther the actual outcome model (figure 22) or the model
. W':

-,b' assuming knowledge of what would have happened (figure 23) will be the

..':*‘ X

i .

H0 . same. Assessment of the actual outcome model will be somewhat eased as

:-.:-j (figure 19) q wlll equal r and t wlll equal u and of course we wlll not have to

t% condition on the declslon made. Assessment of the “would have” model could
S

- be limited to chance resolved trees.
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A Black
p .
p=P (AB.)
y 1
P A Red
1
q B Black
b
8 q:P (BB)
1-q B Red
Flgure 21

One Dependent and Uncondltional

w, AB.BB.
X, AB. BR.
c y
8 AR.BB.

w=P (A.B.,B.B)
, 2\ AR,BR. x=P (AB..BR)

w, AB.BB. y=P (AR..BB.)
2=P (AR..BR.)
b AB.BR.
c y
AR.BB.
2\ AR.BR

Flgure 22
Actual Outcome Model
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A
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- C
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: AR.
1 :
: B8.B.
D e
s C
I N
\f\i; B.R.
ASY
R
Flgure 23

Postulated Outcome Model

Al e

g. Independent and Two Condltional

FEFEREE
~.

Conslder a sltuation as above except that declslon a Is to add a black

NSl
¥ ' > e s

card to stack 1 and ablde by event A and declslon b Is to add a black card to

i;' stack 2 and ablde by event B. The events are independent for elther declislon,
".)
N s
:; but thelr probabllitles are condlitional on the declslon taken. Flgure 16 models

Xe the sltuatlon where Information on the off-the-path random event 1Is

%)
f Irrelevant. In thls case the nodes are In fact lndependent.
154
N
o The situation Is simlilar to the Attlla the Hun examples In that the pro-
' babllitles of the two chance nodes are dependent on the declslon taken. The

UL e

h g

situation where there is Information on the actual outcome of the off-the-path

SN

(o

node can stlll be modeled by figure 17. The slituatlon where Informatlon lIs

(\
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* ( avallable on what would have happened had the other declsion been made can

* be modeled by figure 18. Assessment of the actual outcome model would be

)

‘ . facllltated In that (figure 19) q wlll equal r and t will equal u no matter what
N

‘:'! : declslon 1s taken.

',:; h. Independent and One Conditional

D

E?':E Conslder a sltuatlon as above except that declslon b Is to ablde by event

_ B without adding any cards to stack 2. Thus both events are independent

i& and the probabllity of only event a 1s conditional on the decision taken. The
": modellng of thls game Is very slmllar to the one given dlrectly above. The
.»,' model assumling the Irrelevance of off-the-path Information Is the same as

1:; figure 20. The models In the other two situatlons are ldentical except that In

B ( assessment of the actual outcome model (figure 19) with the additlonal condi-
Ly,

}; tlon that s Is equal to both q and r.

k)

B 1. Independent and Unconditional

E:. Consider a sltuation similar to previous card examples; however, decl-

E}' slon a Is slmply to abide by event A and declslon b Is to ablde by event B
:: with no manipulatlon of the cards In the stacks. Thus the events are

:?: ) independent regardless of the declslon taken and thelr probabllities do not

.s depend on the declsion taken. The model for the situation where the informa-

tlon on the off-the-path random event 1s Irrelevant Is 1dentical to figure 21.
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As the declslon chosen has no effect on the probability of the off-the-

~

path event elther model of the relevance of the off-path Information will be

¥,
f’ . accurate. The actual outcome model will be equlvalent to figure 22, with the
[) 3
&
D)
;:f exceptlon that In assessment one need not condition on the decislon chosen.
:;; The “would have” model will be equlvalent to flgure 23, including the abllity
4
R
3; to do the assessment on chance resolved trees.
i
Obvlously these examples do not cover the whole range of problems that
\'°
2.8
':‘. could be encountered 1n modeling such sltuatlons. Issues such as condlitloning
N
s
;.. chance nodes on the results of decislon or chance nodes which are not their
‘o immedlate predecessor, and other even more compllicated 1ssues have not even
) been touched. It I1s not our Intentlon that thls text be a complete manual on
( how to model competitlve situatlons. Our Intention 1s merely to glve the
f reader a feel for how complicated the situatlon can become and what kind of
.
*.: Issues must be consldered.
Il
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CHAPTER Il

TYPOLOGY OF PLAYERS

A. BASIS FUNCTION AND DEFINITION

The concept of a typology of players Is inspired by the model proposed
by J. C. Harsany! [1967-8] for deallng with games of incomplete Information.
We comblne this mathematical concept with more general concepts of
psychology to ldentify and make accesslble to analysls those factors which
govern human actlon in competitive situations. Our goal 1s to produce a
typology which Is large and flexlble enough to categorize all reasonable
players, and which Is stlll suficiently well defined that the information Is In a

usable form.

Mertens and Zamir [1985] have done extenslve theoretical work on this

subject. They have shown that the concept of type can be rigorously defined
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and appears to be Internally consistent. They have also shown that the resul-
tant game, which would have an Infinite number of possible states as a result
of the regress problem, can be approxlmated by a game with a finlte number
of states. Our presentation Is Intended as a practical gulde to the application

of thils concept.

The typology of players has two functlons In XDA. The first Is to act as
a framework for the extraction of the declslon maker’s knowledge concerning
all players, Including himself. The second Is to enable the application of this
knowledge, within the solutlon concepts of XDA, to reach a “solution” for the

game, l.e., to advise our declsion maker as to hils “best” declsion.

Our practical definition of a player’'s type Is the minimum Information
requlred to strategy resolve the decision tree for that player. We use the term
strategy resolved tree to Indlcate a tree where all of the decislon nodes for a
particular player are resolved. It thus represents a particular strategy for
him; In this context we mean the strategy that he willl use. A cholce resolved
tree 1s one which Is strategy resolved for all players. Actually 1t 1s possible,
though not perhaps desirable, to relax this definltlon and slmply require that
it Include sufficlent Information, glven that the player s of this type and that
a particular node 1s reached, to assign a probabllity of occurrence to each of
the decislons at that node. This Is, we feel, too close to the already known

Decision Analysls technique of treating the opponent as a chance node and

serlously dllutes the interactive nature of the declslon making process under
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competitlon. We prefer the original definitlon. We feel that the majority of
the uncertalnty about an opponent should be captured as uncertalnty about

hls type.

Thus a type may contaln very llittle or a great deal of Informatlion,
dependent on the complexity of the game under conslderation. However, to
adequately fulflll Its function In XDA the typology must be able to handle
every game. It must also be able to accept any type of valid Information
from the declislon maker. A lIst of strategy resolved trees would be an
effectlve typology but 1t would be difficult to assess the probabllity of the
player belng of a particular type. We are working toward a language that
wlll be able to descrlbe the whole world, with the knowledge that the declision
maker and the analyst will use only that small amount of 1t necessary to

describe thelr particular sltuation.

Thus our deflnitlon of typology Is: a framework for handling and apply-
Ing sufficlent Information to strategy resolve any practical declslon tree for a
particular player. Alternately, it 1s a method of describlng every factor not
part of the structure of the game which has an appreclable influence on a

player’'s declislons.

B. OUTLINE

We have Identifled four major factors (components) which affect a

person’s preferences and capabllitles and thus his decislons, and hence define
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b
iy
v} 7
}::: that person's type. We describe each briefly In this sectlon and then dlscuss
14 (

each tn depth in the following sections. Note that the declslon maker we

advise wlll be asked for his assessment of each player on each of these four

Iinhi
;z?" - factors.
x,'- 1. Type of Ratlonality
%
e
a5 This component 1s the method the player uses to arrlve at a declslon,
- the style of decision making. Examples would be Minimax, Nash Equillibrium,
()
1y
\
::' “Do the same thing we’ve always done,” etc. Note that with XDA we are
!"E
Aal
':°: attempting to prescribe our decision maker’s ratlonality for one partlicular
e declslon.
_q‘h #
) . ‘
§
4y
z ' 2. Super Utllity Function
2" This component 1s a description of how the player decldes the value to
Ce [}
\ »
‘i; himself of the outcome of a game. It 1s an Important part of the declsion pro-
b »
L 4 »
S cess as many types of rationality use this as the major declslon criterlon. The
.) term “super” could perhaps be replaced with “comblned;” the Intent Is that
_-: this component Includes more Information than standard utllity or value
o measurements.
A .
]
\3'0 .
iy
?{ . 3. Game Perception
E %
— This component Is the record of the game that the player thinks he Is

playlng. It Includes both the structure of the game as expressed In the tree

'y and the player's assessment of the capabllitles of both himself and all other
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players. This iIs Intlmately tled In with the declslon making process, since 1t s

the model on which the player 1s basing hls decision.

4. Type Perception

This component Is the player's perceptlon of hls opponents’ types. It
captures the Infinite regression of perception and forms the basls for an
analysls of the regresslon of expectations, that 1s, of the opponents’ probable

moves.

C. TYPE OF RATIONALITY

The central element of Information that we are attempting to capture
here 1s the manner In which a player makes decislons. In fact we are
Interested, In the Informatlon ellciting stage, In the way a particular player
will make a particular decislon or set of declslons. The framework which we
provide for thls component must be sufficlently flexlble to accept very specific
Informatlon and sufficlently general to accept very vague Information (thls can
be sald of the whole typology). Since, with XDA we are attempting to
prescribe our declslon maker's type of ratlonality for the decislon under
analysls, only the oppomnents’ ratlonalitles must be determined. There are

several sources for descriptions of different types of ratlonallty.
1. Basls

March [1978] presented a catalog of alternate types of ratlonallty.

Under calculated ratlonallty he Included llmited ratlonallty, contextual
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»

. ( rationallty, game rationallity, and process rationality. Calculated rationality 1s
X what we 1n our culture tend to thlnk of as “rationality” (period). Limited
)

E . ratlonallty includes heuristlc search rules, llmited calculatlve ablllty, and
o

3! Incremental decislon maklng. Contextual ratlonallty models the effect of con-
::, text as opposed to strictly loglcal decislon variables. Game ratlonality Is the
%. attempt to maximlze utllity espoused by Declslon Analysls and Game Theory.
i .

e Process ratlonality covers the effect of the process of the declsion making

rather than the final declsion taken.

R

In additlon March proposes a category called systemlc rationallties

i
o~ Jult e

%, Including adaptive rationallty, selected ratlonallty, and posterlor ratlonallty.
i

y These concepts have little or nothlng to do with the standard forms of calcu-
o

J ( lated ratlonality. Adaptlve ratlonality Is the evolutlon of declslons; those
. whlch work are repeated, those which do not are not. Selective ratlonallty Is
‘1 the evolutlon of declslon makers; those who make good decislons survlve, the
7 others perish. Posterior ratlonality encompasses the concept of post hoc
B

: rationallzation of a declslon.

B

‘ One can argue that these types of ratlonality can all be modeled as a
: . form of game ratlonality, maximlzing an oblectlve functlon subject to costs
:. ’ and constraints. This Is certalnly true of all of the calculated rationalltles and
. may be true of the systemlc ratlonalitles. However, we feel that thls approach
Y falls to model the actual process which Is occurring and thus does not
.

- significantly contribute to one’s understanding of the true situation.
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2

% ( March’s catalog shows that there Is more than one way In which
* ratlonal people think. Since one of our goals is to be able to describe all
v

*s: players which exlst ln the real world, we must be able to deal with rationall-
::. tles of any type and with any form of systematic Irrationallty which we
K observe In our declslon maker's opponents.

)::. 2. Posslble Descriptions

We have no deflnitlve answer on how one should determine what type of

xR
2" xd

o

rationallty a person Is using. Several authors have attempted to devise a

s

method for making thls determlnation; we wlll discuss some of them In thils

sectlon.

G P2

Goffman [1969], In a work on strateglc Interaction, proposed the con-

- iy o de
e AP

cepts of operational code, style of play, resolve, Integrity, and gameworthiness
as Indlcators of how people think In strateglc sltuatlons. These concepts con-
stltute a serles of Indlcators, or questions which you can ask yourself in order
» to Increase your understanding of your opponent’s declsion making. For our
3 purposes this 1s a lIst of the rough categorles of the types of ratlonallties of

opponents, although we Include some aspects of operatlonal code under util-

L

5 j 1ty.

a0 *

I Porter [1980, ch. 3] gave a slmllar framework for strateglc sltuations in
i .

[}

~ business. His framework 1Is even closer than Goffman’s to a workable typology
[}

1S of players. Porter proposes four maln categorles In what he calls “competitor
o

L)

& L analysis:” future goals, assumptlons, current strategy, and capabllitles.
3
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( Current strategy Is obviously a key to the rationallty of the competltor, as are
the assumptions the competitor makes about himself. While we Include most
of what he calls future goals In utillty this area does Include Information on

the structure of the management In order to determline how the goals are

arrived at and how likely they are to be held to once enunclated.

The psychologlical concept of cognltlve style, which Is recelving a great

9 g
)
}
§
!
I’

2

deal of attentlon [Goldsteln and Blackman, 1978] [Witkin, 1978], also holds

v b

: promlse as a way to help determlne what a player’s declslon will be In a given
[)

)

u situation. The research seems to Indicate that there 1s a detectable and con-
5 sistent pattern In the way a person thinks which allows hils preferences and
K :: decislons to be predicted to a certaln extent. Slmllar technlques are already
13

™ ( In use In the area of personnel management and counseling [McCaulley, 1983].
1,9

.1, It I1s a great leap from thls relatively slmple application to predicting the
8

g actlons of a competitor, but given sufficlent Information about the opposing
;, player it should be posslble to use these technlques to ald in determining hls
o

1 probable actlon.

-

]

3. Game theory

~'O

al
-‘-

Another, and possibly the major, source of descriptions of types of

el 4
. e,

ratlonality is game theory. The form of ratlonallty generally used In game
theory derives from the same roots as the calculated ratlonallty of Decislon

Analysls, von Neumann and Morgenstern's axloms and Savage's axloms.

- ORIDTRIE )

Game Theory proposes three maJjor types of ratlonallty, which game theorists
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iié call solutlon concepts. The first 1s Minlmax, which involves selecting the stra-
i (
i,
. tegy which minimlzes one’s maxlmum loss; calculation of one’s Minimax stra-
v;i.
:: Rk tegy requires no knowledge of the opponents' utllity functlons. The second Is
v
3 ' Sophisticated Equillbrium (Moulin [1982]), which Involves the successive ellml-
b .
;:' nation of dominated strategles and requlres accurate knowledge of all players'
B
é utllity functlons. The third and most pervaslve concept 1s that of Nash
o Equlllbrlum, and 1ts subsequent reflnements. This rationallty lmplies an abil-
,, 1ty and deslre to reconstruct any opponent’s thought process and a deslre to
f-
A
- maximize expected utllity. It requires a certaln amount of Informatlon con-
¥,
1 & cerning an opponent’s utllity functlon, or at least hls past performance In
2 equlvalent situations.
>
( A fourth form of ratlonallty recently proposed for game theory lnvolves
,':- ratlonalizable strategles [Bernhelm, 19084][Pearce, 1984]. This concept shows
~
&
\ great promlise for use with XDA. They return to the baslcs, Savage’s axloms,
> and say “this 1s rationality;” they proceed to develop a concept not based on
¥
‘% any of the three solution concepts discussed above.
k‘ We note, however, that what Is rationalizable for a player depends on
A .
- his type of ratlonallty, which may be a type of ratlonality other than that
N
o
:'_: : codified by Savage’'s axloms (or any equlvalent set of axioms, such as those
2
o
- proposed by von Neumann and Morgenstern or Pratt, Ralffa, and Schlalfer).
?',\ Since these alternate ratlonalities are not as well defined, the solutlons based
3
2 on them willl not have the rigor assoclated with Bernhelm and Pearce's
ry Q
.
!
K
N
[}

o .l TR
Y

) N s mcm ko , - e o A A
A \ ) r. » , ) g r ] e N, W .A‘.lp TR Vv s .f‘.f I.‘\ ."f‘ 1’ . - ‘P Y ‘"
OF e :‘?'z"?'-s ?‘i.:'tl_:'m.!'ﬂ.x 0.”1‘:.! n':.n LI IR, WP .'0,04‘. " .. \ N \ ¥ + 0 X .Q.\ s " a1 n a “ TR o‘!.l Al ".“

sl
' »

RN

L



61

(, rationalizable strategles. But we must realize that the ratlonality proposed ty
these axioms Is merely a subset of calculated rationallty, which Is In ltself a

subset of ratlonallty In general.

Game Theory makes two assumptions which we reject: that all players
are ldentical except In thelr utllity functlons and that all players have the
abllity and Inclination to duplicate any chaln of reasonlng constructed by any
other player. We are working in a situation of inherently incomplete Informa-
tlon In which we seek to use to advantage whatever information our declslon
maker has about hls opponents. If we know that a particular opponent, a
large bureaucracy for example, practices Incremental declslon making, we can
more accurately predlct 1ts actlons than If we assume that 1t uses a less llm-

( fted form of calculated ratlonallty. Ellciting and applying thls valuable Infor-

matlion Is the functlon of the rationallty component.

D. SUPER UTILITY FUNCTION

The purpose In assessing thls component Is to determine the factors
within the physlcal outcome of the game which a particular player cares
about, Including the intenslty of hls feellngs about each factor and the
tradeoffs between them, so that we can predlct hls feellngs about possible out-

comes.

The first question Is what are the underlylng bases of these declslon

varlables. Does the declslon maker wish to make his declslons in accordance
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with the five axloms of Declslon Analysis? If not, which are not acceptable?

™

R s
A
N

P

Substitutabllity? Transitivity? Is expected monetary value a valld declslon

~
-

£

variable In this case? Must we derlve a utllity function? Is any type of expec-

-
-fd‘_-‘,‘

tation valld in this case, or should we present the whole distribution (l.e., does

P

the expected value with or without a utllity functlon adequately capture the

declslon maker's feellngs about risk [Lopes, 1984])? Can we derlve a cardinal

-
g 4

[ )

s N o
ol

-

utllity function or are we llmited to ordlnal preferences? These questions and

>

A3
a2

a great many related ones are particularly iImportant when we are attempting

to determine the decision maker’s type.

iy
=

' After the baslecs have been established the super utllity function itself
i{f must be derived. It Is posslble that what we will be derlving 1s not in fact a
{" ( utility function, but merely some declslon varlable on which the player bases
§ this particular decision. The amount of detall In thls function will depend on
. 3 the complexity of the problem and the amount of information avallable on
Ak
. this particular player. It could range from a full multl-attribute utility func-

5
.C':E tlon to a slmple preference ordering. We will attempt to deflne a Super-
S: Utlilty function which 1s sufficiently general to contaln most reasonable decl-
A'l slon parameters within itself. This Super-Utility functlon breaks Into several
E 2 Interrelating factors, some of which may not be applicable to all players.
a2
ﬁ? The first factor 1s a conventional utllity function on the player's own

LT L

A’
-

7

payofl; this Is the outcome-based substltutable utility famlilar to all practl-

-
-

tioners of Declslon Analysis. It may be a multl-attribute function Including as
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( possible attributes all costs (process costs, control costs, anxlety, etc.) assocl-

s

ated with the path used to reach that end polnt. It does not Include costs
assoclated with branches not traveled. This i1s more general than utllity on
the tips of a decislon tree; the utllity of an outcome may not be separable
from the context of the tree. It may be possible to construct a function separ-
able from the context of the tree using ldeas simillar to Pope's [1984], dis-

cussed In Chapter L

The second factor 1s the declslon maker's utility for the structural

aspects of the sltuatlon. We call thls factor “structural utllity” because we

feel that none of these factors, however measured, can be represented In a
utility function deflned simply on outcomes but must be expressed as a utllity

( for whole trees.

Structural utllity includes post-hoc outcome analysis such as: regret
[Bell, 1982], disappolntment [Bell, 1984], and annoyance. Each of these con-
structs 1s meant to capture the utllity felt by the player as a result of the
favorable/unfavorable outcome of a node In the tree. Regret Involves player
declslon nodes, disappolntment involves chance nodes, and annoyance involves
opponent declslon nodes. Each results from analyses of the type, “If only (I)
(1t) (he) had....” In his paper on regret Bell llmits himself to simple trees and
requires resolution of all chance events, even those not actually traversed. In
his paper on dlsappointment Bell postulates that a player measures the out-

come, not agalnst possible alternate outcomes, but agalnst hls expectations.
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¥ ( These expectatlons are psychological, not mathematical. The manner in

which they are arrlved at and the actual values depend on the player. It

,:. B seems reasonable that all three forms of structural utllity could be calculated
§ in elther manner, via comparlsons agalnst actual alternate outcomes, or
g agalnst expectations, or by some hybrld method such as Kahneman and
%? Tversky's simulatlon heuristic.
&

The third factor Is utllity on the payoffs of other players, both prior to
;:: the start of the game (predisposition or prejudice) and at Intermedlate moves
’: (reward or revenge). This factor could be easlly Included In a multi-attribute
utllity function but thls might be more approprlately modeled as a changing
"
2 utllity function.
3
‘ ( The fourth and flnal factor Is an estimate of how all three of these utlll-
1 tles will change over time (the second guess proposed by March [1978]). This
: factor 1s generally ignored by decislon makers. This results In more Instances
,‘: of dlssatisfaction with the results of decislons than Is necessary. Of course the
‘:: change 1n utllity functions over tlme cannot yet, and may never, be accurately

predicted, but It should be taken Into account to the extent possible. There
has been some Interesting work done in this area by DeGroot [1983] and
Cohen and Axelrod [1882] but nelther addresses the problem directly. We are
Investigating the possibllity of using a model simllar to the one proposed by
Brown [1978), which Is discussed In detall In Chapter IV, to model the change

in utllity functions.
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Not all decistlon makers will wish to take all four of these factors Into
account, at least not to the same extent; not all of thelr opponents will be
aflected by them. But this typology Is general enough that 1t willl be able to

describe the declslon parameters of most possible players.

E. GAME PERCEPTION

This component contalins all of the Information the player has about the
game and the capabllitles of hils opponents. In game theory thls information
1s called the rules of the game. However, our game Is not well deflned. In
some ways the whole world Is the game, because we cannot be completely sure
which parts of reallty are relevant to the game and which are not. Further-
more, we cannot assume that all the players percelve the same game. We
have divided the “game,” In thls sense, Into two major parts: the structure of

the conflict and measures of power.

The structure Is that part of the game which Is represented as a game
tree. It Includes the moves avallable at each node, the probabilities on the
chance nodes, and the outcomes (a description, not the utllity assigned to 1t)
at the tlps of the tree. It also Includes a measure of the Information avallable
to each player at each declslon node, an informatlon set and/or a Information
horlzon. It Is obvious that the perception of this information wtll differ from
player to player and thus several game trees may be needed to describe this

structure.
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( Measures of power include resources, the abllity to control the game
(slze, the relatlve effect on the market), knowledge, and fallibllity (resolve,
Informatlon state, and resources [Goffman, 1969]). Porter [1980] calls this
category “capabliltles” and uses 1t as a general listing of competitor strengths
and weaknesses. It could also Include, In time constralned games, a measure
of speed of declsilon making and declslon execution. In short the measures of
power describe the game In an unstructured manner with a speclal emphasls

on those elements not represented In the game tree.

One of the major uses of the two dlvisions of thls component Is to cross
check one another. Since the percelved structure of the game and the meas-
ures of power are closely related we can evaluate Important Information twice

( and detect any errors. For example slze and resources can have a great deal
of eflect on which optlons are avallable, or which options a particular player
thinks are avallable. Falllbllity also has a direct effect on the form of the
model. The possibility of errors by a player requires either additional chance

nodes or nondeterministic solutions to the opponent declslon nodes.

If the structure of the game and the measures of power are so close to
each other then why conslder them as separate areas? One major reason Is
assessment. If we Just ask our declslon maker to draw the tree our opponent
would use 1t will probably look llke the one we are using, that Is the true tree
after all 1sn’t 1t? But does our opponent know that we will run out of #3

screws If we produce more than 100,000 toasters? What optilons would we
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P S

/ ( have If our sales dlvislon were four tlmes as large as our research dlvision, llke

his, Instead of vice versa? The tree cannot be drawn untll the measures of

i -

> T

. power are known.

. The secret 1s that there are no game trees “out there.” There are only

measures of power. The problem 1s that we can't get solutlons from measures

» s T

of power and vague situational rules; we can solve game trees. Thus the tree

-

is a necessary abstraction, but still only abstraction.

F. TYPE PERCEPTION

B g

The idea which underlles thls component Is slmple; the type of each
. player Includes his perceptions of the types of each of his opponents. Natur-
N ally, these player types Include thelr perceptions of the type of each of thelr
. opponents, etc. Thus this component Is the part of the typology which allows
! us, as postulated by Harsanyl [1967-8] and formalized by Mertens and Zamlir
[1985], to capture the Infinite regress of perception within a finlte typology.
. In Porter's framework thls concept 1s included under *“assumptions,”

speclfically the assumptlons the opponent makes about other players.
kY
l'

The major difficulty with this component 1s the lack of a tested method

s o

for assessing this type of Information. However, this Information on opponent

- perceptions and the ablility to properly analyze 1t 1s one of the great potentlal
X advantages of the XDA solution concept. The advantage Is condlitional on the

accuracy of the Informatlon.
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( G. ASSESSMENT

Assessment of the types of players wlll be a major problem as no proven
techniques exist. The problem reduces to assessing the type of our decision

maker, as hls type Includes hls perceptions of the other players. This helps us

j' to bear In mind that the only Informatlon that s avallable to us Is the decl-
48

SRS slon maker's perceptlons.

By

% 8

Ratlonality 1s no problem at all as the polnt of the analysts Is to

prescribe the declslon maker's type of ratlonallty for the declsion In question.

¢
::59" The other components will require more effort.
(»
S
s § 1. Super-Utllity
.'I '&q
he .
] ( The procedures to ellcit the declsion maker's utllity function will be a
3 ¥ slight varlation of the procedures used In Declislon Analysls. As In Decision
o
Ll
2 1’ Analysis 1t Is necessary for the analyst to be aware of the possibllity that the
‘ declslon maker 1s not belng totally forthcoming durlng utllity assessment.
X
i::g:' The analyst can polnt out to the declsion maker the possibllity of an increase
r..".
::a., in effectlveness by decelving the opponents about the decision maker's true
A

utllity function, but that the analyst must know what the true function Is to

calculate the appropriate deceptlon.
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The first major difference will be the very first step. With XDA we real-
1ze that there Is more than one set of assumptions for the utllity function.

The first step 1s to discover which assumptions are valld for our declslon
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( maker, and indeed If the problem under conslderation warrants the construc-
tlon of a utllity function at all. The spectrum of possible functlons would
range from a classlical, substitutable, univarlate utllity function to a time varil-
able, non-substitutable, multl-attribute utllity function over strategy resolved
trees Including process and structural utllitles to a simple probabllity distribu-
tlon over physlcal outcomes. We must explaln to him the effects of the vari-
ous possible combinations and ald him In determining which of the possible

decislon variables 1s valld for him.

Once the basls of the functlon has been determined, the methods used in

Declslon Analysls should prove a sound basls for this assessment, with certaln

changes. For example, a conslstent method should be developed to predict or

( deal with tlme varlable utllity functlons. In addition the effect of modifled
utllity theorles, which discard certaln axloms [Machina, 1983] [Munera and de

Neufville, 1983], on assessment Issues must well understood and documented.

If the developers of these theorles are working on such Issues, then the main

task for XDA is to fit this knowledge into our framework.
2. Game Perception

The malority of the work In assessing the declsion maker’s perception of
the game 1s done In the constructlon of the game tree. The dlfferences
between standard Declslon Analysls and XDA In that process have been
covered In chapter II. However, one should remember that this 1s a competl-

tlve situation; an unexpected or unorthodox move may give an advantage. A
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thorough assessment of the declslon maker's measures of power accompanled

+ :.:- ??‘ vy
N

by a braln storming sesslon should discover such “hldden” moves. In addition

1t would check the tree portlon of the game model.

K

O

il 3. Type Perceptlon

o

ﬂ The real assessment problem involves deriving the decislon maker's per-
"' ception of hls opponents’ types, Including thelr perception of thelr opponents’
RN

" types, for this forces us to dlrectly confront the Infinlte regress of perceptlon.
N\

)

"

::: Naturally thls Is the area of knowledge which holds out the best promise for a
“\

’e:'. significant Improvement In competitive decislon making, a systematlc method
; : for putting yourself In your opponent’s shoes. There are several possible
5

< problems with the assessment of thls component.

: - (

i:' First, much of the data required may be unavallable or obtalnable but
)

’- costly. Costs must be figured In the model, Increasing Its complexity. Even If
K"

4 the declsion maker had heeded the advice of Porter [1880] and malntalned a
:: comprehenstve Intelligence dossler on each opponent, this data must still be
i

: . processed to flt the typology of XDA. Gatherlng as well as applylng this
*'i.

. information could become a major function of the analyst.

"%. ' Another problem stems from the facts that we are dealing with an
LA .

1

ol . infinite regress of perception and that our reservolr of Informatlon 1s finlte. It
: wlll be necessary for the analyst and the declslon maker to ensure that the
l..

2

,:, assessment of thls factor 1s based on reasonable data and subjective feellngs
"
‘.’;. and does not degenerate Into ldle and profitless speculation.
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-:; There will also be the problems of misinterpreting data and succumbling
o
i (
N to wishful thinking, such as underestimating the moves which an opponent
0‘;
::: - wlll see, or belleving that the opponent uses an Inferlor rationality In his decl-
N
i -

',:;( : slon makling process. This tendency to underestimate the opponent 1s less
,) pronounced when working with a well defined methodology such as XDA; this
7}_‘ is one of the few places where such blases can get Into the analysis.

)

o

It 1s probable that the declslon maker will not be able to determlne an

g
;’ opponent’'s type with certalnty. The declslon maker must then determine his
e

fg..

::: subjectlve distributlon over the possible types for that player. If the decislon
f‘-’ maker can only narrow down a particular opponent to three types of rational-
@

)8 1ty and four forms of super-utility function 1t would be better to obtaln the
'3

' ( condltlonal subjectlve probabllities of each component and calculate the pro-
18

;:’ babllities of the 12 possible types rather than attempt to assess them dlirectly.
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CHAPTER IV

SOLUTION METHODS

In order to “solve” a game tree declslons must be specified at the
opponents’ declslon nodes and the declslon maker's declslon nodes. Our
current thinking Is that this analysls should provide P(cholce l|player Is type J
and we are at declslon node k) for all k, declslon nodes in the tree, for all 1,
branches of decislon node k, and for all J, the possible types of the playver
whose node k Is. There are thus two possible ways to model uncertalnty
about the behavlor of a player: with these conditlonal probabllitles or with
the decislon maker's probability distribution on the type of each of hils

opponents.

We feel that 1t Is better to model the majority of the uncertalnty about
the behavlor of the player, elther In general or at a particular node, as uncer-

tainty about his type. This means that our solutlon method should dellver a
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determlinistic result at each node, that 1s, the condltional probabllities of all

o cholces save one should be zero or close to zero. By “close to one” we do not
“ A
?; mean a concept of small ¢ probabllitles, rather significant and assessable
LY
“:' bellefs on the part of the decislon maker. There willl be situations where 1t Is
&
::- not possible to model all of the uncertalnty In the distributlon over types.
o
, Ca
\’, Our tree solutlon concepts can still be applled to such games.
; 3
" We Intend to use the concept of ratlonallzable solutions [Bernhelm,
1 1984] [Pearce, 1984], as the basls for our method of solving Individual decision
2

-4

N

Ly
I 2t Y

nodes. We will cover this subject In more detall In Section B of thls chapter.

Wik}

= An obvlous exceptlon to thls use of rationallzable strategles Is the decislon

~;\—ﬁ<

3y maker’'s decliston nodes, where we Intend to prescrlbe the branch chosen. One
(<.

O ( maJjor Issue to be addressed in such prescription Is whether we are to consltder
3 pure cholces and strategles only or must we conslder random “mlxed” stra-
K

bt tegles as well? This Is the Issue which Is addressed In the followlng sectlon.

q\

.',1' W

" A. RATIONALE FOR NOT USING MIXED STRATEGIES

e

ﬂ, Tradltlonal Game Theory Includes the possiblility of mixed strategles
i

- and randomlzed behavioral strategles. Indeed, In many games the Nash
o equllibrla requlre the use of such strategles. However, many of the people

Interested, as we are, In applylng game theory concepts to real world situa-
tlons have not used mixed strategles (Fraser and Hipel, 1884] [Bennett, Hux-

ham, and Dando, 1981]. We agree with this approach for two major reasons.

N
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X ( The first 1s the practical issue of what one can get a declslon maker to accept.
The second Is the Issue of whether 1t Is, In a Game Theoretlc context, neces-

! N sary to conslder mlxed strategles In games of Incomplete Informatlon.
<
g . 1. Practlcal Objlectlons
5 The malor practical difficulty has to do with the perceptions of the large

) majority of decislon makers. In general, business declslon makers llke to

think that they are In control of the situation, that they can understand and

analyze the situation well enough to foresee every eventuallty and thus con-

SR

i trol or at least predict the outcome. It has been difficult for analysts to get
& .
f decislon makers to accept the probabllistlic modellng requlred In standard
F .
f. Declslon Analysls [Brown, 1970, p. 868] [Hogarth, 1975, p. 273]. Carrying this
7

( further, one can imaglne the difficultles 1nvolved In convincing the Board of
'1
: Directors of a large corporation to allow the declslon made on a multl-milllon
i
L

dollar project to be determined by a random event.

-

In attempting to argue for mixed strategles one finds that the usual

LErT e

explanation for why such a randomization may be necessary, that one needs

-
-

% to randomize 1n order to hide your iIntentlon from the opponent, falls In a

practical sltuatlon. There are many ways to hide your Intentlons from your

AP,

opponent In the real world which do not Involve using a random process.

, Secrecy and deception fulflll the same goal, randomlzing your opponent's
)

5

; Informatlon rather than your decislon process. In additlon in many sltuations
o

[ ]

t merely randomizing the decislon will not guarantee that the decision will not
" Q
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O
.
) ‘t
:::::, be discovered by an opponent. Any sufficlently complex decislon must be
WA (
AL
v coordinated with peers and transmitted to subordlnates and Is vulnerable to
n;ﬂ
E';' 5’ " discovery by an opponent during this process.
d \
i
¥yt 2. Theoretlcal Objectlons
P-:\ The majority of the theoretical objectlons to the necessity of random-
[\
‘ ‘i
-L‘ 1zed strategles seems to rest on thls last practical polnt. The exlstence of
i

. Incomplete Information seems to cause enough uncertainty for your opponent
55N
g that you do not have to Introduce more.
:
Ry John Harsanyl [1982], In an attempt to demonstrate the stabllity of
', t mlxed strategy equllibria, examlned games with randomly disturbed payoff
' Ll
10N
:5 vectors. These games were constructed In such a way that only the particular
( player knows his exact payoff, the other players only know his “base” payoff
"1’.-
»'J\‘ and the distribution of a random variable which modifies it. This Is obviously
., a sltuation of lncomplete Information. Harsany! argued that mixed strategy
J
=

) *.,':: equlllbria In standard games were generally stable as they could “almost
A ‘.v:
¥ \
W :{ always” be obtalned as a llmit of pure strategy equillibria In a disturbed game.
Y ‘Kn,

.
W In the course of thls argument hls Theorem 2 shows that every equilibrium of
)“n .

o such a disturbed game Is a pure strategy equillbrium. In additlon he says:

Theorem 2 and the Corollary to Theorem 1 can be regarded as

- extenslons of the results obtalned by Bellman and Blackwell [1949]
,:;-'.‘ and by Bellman [1952]: If the game itself already contalns enough
:'; “randomness” (random varlables) then the players thems-'ves need
$ not — Indeed, should not — Introduce any additlonal randomness

oL -
L™ »

by a use of mixed strategles.” [Harsanyl, 1982, p. 82)
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Aumann, et al., [1981] attempt to make thls concept more precise by

&
-
-

N

determining exactly what condlitlons are necessary to allow mixed strategles to

gt

be replaced by pure strategles. Specifically they consider games In which

Sole
o

each of n players takes an observatlon of the nature of the game (hls prior

-
-

"l
s
2.0

;)

o heig
XX
? .g..;-.. A

Information). Thelr results are as follows. If players 2 through n by pooling

thelr Informatlon cannot ascribe positive probabllity to any speclfic observa-

O
R tlon by player 1 then player 1’s mixed strategles may be replaced by pure
ones. And If no player can, from his own observatlon, ascribe a positive pro-
b
y \gc bablllty to a partlicular observation of another player, milxed strategles cannot,
In general, be purlfled but every Nash equlllbrium In mixed strategles can be
: j replaced by an approximate equllibrium In pure strategies which ylelds
" — ( approxlmately the same payoff. Our Intultion of what these restrictlons entall

In a real world sltuation Is that In each case the players are reasoning based

;:EI on a probabllity distrlbution which Is roughly analogous to a probability den-
"J slty functlon over a segment of the real llne. This does not seem to be an
e

5\“ unreasonable restrictlon. Even If the number of states of the deflnition Is
?‘.E'ah finite, but large, and the probabllitles assigned to each are greater than zero,
but small, 1t seems reasonable that these results would still hold, in an
AL

approximate sense.

The second question on thls Issue 1s whether In restricting ourselves to
{ ',: pure strategles we have set up a situatlon where we wlll not have a reasonable

B>, solution for every game, especlally as 1t 1s well known that not all games have
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Nash equllibrla In pure strategles. Our declislon to use rationalizable stra-
tegies rather than equllibrla as our main solution concept comes to our ald.
We are guaranteed that every player has at least one pure rationalizable stra-
tegy. Pearce (1984, p. 1034] states thls explicitly and Bernhelm {1984, p.

1016] implies it.

From thls discusslon It should be clear that 1t Is reasonable to restrict
the solutlons we conslder to the set of pure strategles. However, these argu-
ments for the excluslon of mlxed strategles are only to support our feellng
that they are not necessary. We do not intend to imply that It has already
been proven that mixed strategles are unnecessary; that 1s for the future, if
ever. Note that our model as formulated can handle mixed strategles on the
part of the opponents although our blas toward pure strategles is shown in
our Intent that the probabllitles of all but one cholce should be close to zero
for each particular type of the opponent. Significant changes would have to be
Incorporated Into the solutlon concept In order to support the selectlon of

mixed strategles by the declslon maker.

B. OPPONENT DECISION NODES

We have selected a hlghly modifled form of rationallzable strategles as
the heart of our method of solving opponent declslon nodes. Roughly, a
ratlonallizable strategy Is one about which the player can construct a bellev-

able and conslstent story which will lead to Its selectlon. As we mentloned In
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Chapter I what constitutes a ratlonallzable strategy will certainly depend on
the type of ratlonality of the player. This applles both to the player that we
are advising, If we are using the model of player 2 as “Future Declslon Maker”

(see Chapter V), and to hls opponents.

As we Intend that the malority of the uncertalnty assoclated with the
decislon nodes be modeled In a probabllity distrlbutilon over opponent player
types, the cholce of a branch at a particular declslon node should be nearly
determinlstlc given the type of the player. Any resldual probablllity on the
non-primary cholce would be consldered a model of the chance of error on hls
part, Information which he may have that 1s unknown to us, or other unfore-
seen clrcumstances. We prefer this model because 1t allows us to extract more
Informatlon on an opponent's subsequent moves by examlning the moves he

has already made.

However, the set of ratlonallzable strategles Is large, and In the broadest
sense all strategles are ratlonallzable. Obvlously it will be necessary to res-
trict the avallable set of ratlonallzable strategles. We wlll use the type of a
player and the concept of ratlonalizable strategles to narrow the set until
there Is a single member. Ratlonallty obviously reduces the set; reasonable-
ness llmlts the set of strategles to those which are not strictly dominated, cau-
tlousness limits 1t further, etc. Game perception also has an effect In that a
player wlll not choose an optlon he does not see, and wlll be more llkely to

choose an optlon whose counter move he does not see. Type perceptlon also
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)

]

,:‘ plays a role as a player will certainly conslder hls opponents’ actlons when
# (

- selecting a course of actlon. The super-utllity functlon will control which
e

: : B optlons, In thls restricted set, the player prefers.

4

: ‘

! . The Implication Is that If we cannot make a decision deterministic or
::'i “nearly deterministic” we return to the original distribution over player types
68y

)

1.4

::§ and sub-dlvide 1t untll all of the subsequent declslons are so. However, If
[ N »

."i.s

there 1s Insufliclent information to do thils or iIf the declslon maker or analyst

is uncomfortable In dolng so the whole game solutlon concepts will accept

hy
)
:E:.':. significant deviation and will still produce valld answers. The only result Is
. * that the Bayeslan updating at that particular node will not provide as much
(W7

3 information on the player type as for one which Is nearly deterministic.

e
P a
7\

You will note that we have omltted any specific method for the solution

B A s

’
"

of opponent decislon nodes. The reason for thls Is that we do not yet have

- .
A A4, A,

L .

any hard and fast answers for thls very complicated sltuatlon. We Intend,

ey obviously, that this be a major focus of research 1n the future. What we have
_'-j llsted here 1s a set of general guldellnes, which will serve to gilve directlon to

that research, if nothing else.
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;\ C. WHOLE GAME SOLUTION
z:: (
.” This sectlon dlscusses the method of selecting the decision maker’'s first
4,
t..'
:::' decislon. As has been argued by other authors [Rees, 1984} [Fraser and Rees,
)
o
B 1985] we feel that this Is the sole polnt at which Declsion Analysis, and by
oy extension XDA, Is prescriptive. We attempt to be more flexlble than Declslon
K
o "
”1 Analysls In the manner In which thls cholce 1s calculated. We strongly belleve
D
Ko
i that thls selectlon must be made In accordance with the declslon maker's
w
n
‘: \ super-utility function, Including hls feellngs on the validity of the axloms of
i
" Declslon Analysls.
X
'$ There can be several technlques for analysls of such a declslon based on
X
. the declslon maker's preferences. Thls appears to us to be a very profitable
( area for future research. We have ldentlfled two maljor Issues In this context.
;:jj The first 1s the effect of the bellef or disbellef of the decislon maker In the
A': axloms of Declslon Analysls on the valldity of the computational techniques.
; The second is the effect of various simplifications which can be made In the
")
Y
,:’ solution procedure ln order to reduce the computatlonal complexity of the
u
= solutlon.
} : 1. Declslon Maker Preferences
$ 3
We have, at thls time, ldentified two general types of solutlons which
[¥.
b appear to us to have valldity glven certaln preferences on the declslon maker's
,. part. The first, If he accepts the axloms of Declslon Analysis, 1s a relatively
N
< ( simple modification of the famliiar “average out and rollback™ technlques used
A
3
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i
'2:5 ( In Declslon Analysis. The second Is a more general analysis which deltvers by
jﬂt analytical or numerical techniques a “risk profile” [Hax and Wiig, 1977] for
U
gs g each of the decision maker's alternatlves. Thls could be a proflle elther over
)
‘::Q‘ . raw outcomes or over the declslon maker's utllity function. In the terminol-
2‘ ogy of XDA we would dellver to the declsion maker a distribution over the
a8
, outcomes for each strategy resolved tree.

If the declslon maker subscribes to the axloms of Decislon Analysls, once
E the declslon nodes of all players other than player 1 have been resolved the
193
‘ sltuatilon becomes one famlillar to practitioners of Declslon Analysis. We elther
C

average out and roll back or merely average out If the model used 1s the one

based on the suggestion by Brown [1978]. One major exceptlon to this simpli-

T
I R

( clty 1s the abllity to update the probabllity distrlbutlons at the opponent decl-

i
ol

slon nodes In accordance with Bayes’ Rule.

<

The probabliity distributlon at a dlamond node has two elements. One

g
“el’s
L

S

J0 Is the distribution over the choice made by that player, gitven that he Is a par-
X tlcular type, which 1s dellvered by the node solutlon procedure discussed
_;' above. The other is the decislon maker's sub)ectlve distribution over the type
.[ of that player. The very fact of belng at a partlcular node within the tree
453

:':j may contaln Informatlon about what that subjlectlve distribution should be.
Thus it should be possible to use Bayes' rule to update this distribution based
[

o on that Information.
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Conslder one of an opponent’s declslon nodes, one which has another of
that opponent’s nodes as a predecessor. We have analyzed this second node
In accordance with the opponent node solution procedure and thus have
already determined P(choice = j | T, = 1) for all }J, possible cholces at the node,
and for all 1, posslble types of the opponent. The vast majority of these quan-
titles should be zero or one. Now we desire P(T, =i | at node) which requlres

the use of Bayes' rule In the following form.

P(k | Ty = 1) X P(Ty =1)

P(T, = 1| at node) = SYP(k | Ts = 1) X P(Ts = 1)
1

We have analyzed the opponent’s prior node and have already deter-
mined P(k | T; = 1) for k, the cholce at the previous node which resulted in our
eventually reaching thls node, and for all 1, posslble types of that opponent.
We also have P(T, = 1) for all 1, our prior distribution, and so already have the
Information required to calculate P(T,|atnode). Thus we can calculate the
overall probabllity distrlbution of the cholces at the node:

P(choice = }) = Y P(choice = j | T3 = 1) X P(T; | at node)
1

Note that we do not have to worry about the effect of a player being
type m at a node which he could not have gotten to If he was in fact type m.
The Bayeslan updating would force P(T = m | at node) = 0 as P(k | T = m) would

necessarlly equal zero.

In these calculations we have assumed that nothlng other than declslons

by that opponent affect or reveal Information on an opponent’s type. If this
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were not so, for example a model of a changing utility function, then one

4.

would have to update the distribution of the type at every node which could

A
L[]

© posslibly affect 1t. Also If an opponent’s type s such that he has a subjective

Y

<

distribution over the types of his opponents it would be possible to use Bayes’

s

o rule to update hls distribution In a simllar manner. One would have to
j address the 1ssue of whether he would use correct Bayeslan updating or some
et

‘;E faulty heuristic; thls Informatlon would have to be Included in bhls type. Once
:" all of the dlamond nodes have been solved and all of the appropriate updating
: has been done, slmply average out and fold back as necessary and select the
strategy with the highest expected utllity. Note that this will probably have
3 to be an lteratlve process, If the distributlon of the cholces of a type of player
i

e

( depends on his subjective distributlon. The Bayeslan updating wlll work from

root to tip of the tree, with the time sequence of the tree, while the solution

-~

of the declslon nodes would work best in the manner of dynamlc program-

.
R ar A SN

* ming, from tip to root.

‘:l‘ ) One of our malor goals Is to provide a method of conducting a valld
i; Declislon Analysls for those people who do not accept one or more of the
‘! - axtoms of Declslon Analysls. such as those people for whom expected utility,
,: by itself, 1s not a valld declsilon parameter elther because of non-linear attl-
w tudes about risk or because of the Iimportance of some element of process or
3

sq structural utllity. The following method 1s simllar to that described above in
:: 1ts analysls of the probatliitles on the dlamond (opponents’) declslon nodes;
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( the square declslon nodes are treated differently.

Instead of calculatlng the expected utllity and assuming that our decl-

slon maker wlll ablde by that declslon we follow the lead of Hax and Wilg

"
NS
'y

¥,

'
{
[\
)
3
4%
i

P

[1977] and present the declslon maker with a distributlon over the outcomes.

» 0
i

There would be one distributlon for each strategy resolved tree. They could

|
LA
e

- be presented as probabllity densltles or cumulative distributlons, If the type of

PR

outcome allowed accumulatlon. The distributlon could be over elther utllity,

ey
)
j the raw outcomes, or merely which tip of the tree Is arrived at. The oppor-
‘ tunities for creatlve and effectlve presentation of the data are llmltless. In
iy
' every case, however, the distribution would be derlved from the probabllitles
Loh
g' on the chance nodes and the probablllitles on the dlamond declslon nodes.
(
Y
0
( The declslon maker would then determine hls preferences by examining
1
',:j:; these distributlons. Some could be ellminated prlor to presentation by such
SN
=3 technlques as stochastic domlnance, If the preferences of the declsion maker
,f will support such a procedure.
&
ald
' 2. Computation Issues
2y
. i There are two computational Issues which we would llke to address.
el
;; The first 1s the Increase In the complexity of the computations involved In
" .
ot
L solving the tree If Bayeslan updating of prlors 1s carrled out. The second lIs
,..N.
ol the 1ssue of the computation of the dlstrlbutlons to be dellvered when the
;‘k alternate solutlon method Is used.
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( It should be obvilous that the use of Bayesian updating In the solution
process, whlle a major strength of XDA, will greatly complicate the calcula-
tlon of the probabllitles assoclated with the dlamond nodes. This wlill espe-
clally be the case If one or more players’ type Is affected by nodes other than
thelr declislon nodes; one can Imagilne a game with a large tree and many
players and having to update for each type of each player hils subjective dis-
tributlon of every other player at every node. It may be possible to eliminate
some players or types from the process when they do not malntaln such a dls-
tribution or 1t does not affect thelr declslons. It will be a difficult questlon for
the analyst whether thls added complexity ts justifled; unfortunately we have

no good advice on how to answer 1t.

( There are four levels of complexity In Implementing the Bayeslan updat-

Ing: none, ours only, thelrs only, and everyone's. Conducting no updating can

be viewed as simllar to the Harsanyl model, beginning the game with a large
chance node representing the subjective distribution of the declsion maker
over the types of his opponents, and the effect of any sublectlve distributlons
malintalned by those opponents belng factored In, elther implicitly or expll-
citly, to the cholce distrlbutlons at the dlamond nodes. The second level seems
very reasonable In that we are updating only that set of distrlbutlons about
which we have the most Information, the decislon maker's. The third level of
complexlty appears to us to have no great valldity; the practical sltuations

would be few and far between where it would be profitable to update your
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perception of an opponent’s subjective distrlbution and not update your own
distribution. The fourth level 1s what we discussed in the preceding para-

graph.

The second major Issue Is the computatlon of the presented distributlons
In the distributional solutlon method. We would prefer to derlve these distri-
butlons analytically. But thls may be very difficult to do, especlally with very
large and complex trees or trees which have contlnuous distributlons at
chance nodes. Indeed Hax and WIlig {1977] generated thelr distributlons using
a Monte Carlo method. The declslon on whether to use analytical techniques
or Monte Carlo 1s one we wlll agaln have to leave up to the analyst. Our only
advice 1s two rather obvlous observatlons: first, that the two methods are
theoretlcally equlvalent, and second, that If you use Monte Carlo, varlance
reductlon technlques are in order. We think that common random numbers

would be one valid technlque.

D. SENSITIVITY ANALYSIS

Even more than In Declslon Analysls sensitlvity analysis In XDA wlll be
a malor factor In understanding the sltuatlon and making a decision. This Is
due both to the Increase in the complexity of the model In XDA and to the

addition of an addlitlonal concept of sensitlvity analysls.

Standard sensltivity analysls of the solutlon to a game tree will have

more parameters to conslder than In traditlonal Declslon Analysls. In
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( additlon to the probabllities on the chance nodes there are the probablilties on

the types of the varlous opponents and the different probabllities Included in
«, ) the type (e.g. chance of error). In addlitlon to the physlcal outcomes and asso-
clated utllity for the decislon maker, these aspects must also be consldered for
‘. each type of each opponent. However, there 1s no qualitative difference in the
2 way these quantitles need to be examlined. What Is different In XDA s,
because of the additlon of competitors to the sltuatlon, the Increased need to
8 do “sensitlvity analysls” on elements of the game which are nelther outcomes

nor probabllltles but are the players’ perceptlons of each other and of the

-
-

T

reallty of the game.

Y p i -~

a'a

Part of such a non-quantitative sensitivity analysls can be carrled out

AL

‘)

Just by careful and systematlc conslderation of the game with an emphasls on

finding things that may have been left out of the model. XDA already pro-

LIS

vides an inclination toward this function as we Include the components of

Dy |

game perception and type perception In our typology. However, we feel that

a more structured approach 1s necessary. We want to provide the decislon

.
. 5 & w_A

X
. maker with a method of deallng directly with the Infinite regress of perception
:K and expectation. Fortunately, there are people working In related areas to
1
]

1. ours whose 1deas show promlise for belng adapted to our purposes.
b

One of the great needs of any methodology which intends to advise peo-

ple In competitlve sltuatlons Is some method of capturlng the Interaction

"y between the players. Each player is to put himself In his opponent’s shoes; of

.
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course the opponent Is trylng to do the same, which brings about the Infinite
regress: "He thinks that I think that he thinks....” This applles equally to the
player’'s Intentions In the game and to hls perceptions of reality. In chapter 1
we mentioned that other people have been attempting to apply the concepts
of game theory to real life situations. Bennett and others [Bennett, 1977]
(Bennett, Huxham, and Dando, 1981] [Bennett and Huxham, 1982] have
developed the concept of Hypergames for modellng competitive situations
where there are misperceptions of the game. Fraser and Hippel [Fraser and
Hippel, 1984] [Takahashl, Fraser, and Hippel, 1984] have developed a
simplified method for analysls of large games which 1s applicable to Hyper-
games as well as regular situations. They have unified these technlques Into a

single methodology and call it “Confllct Analysis.”

Hypergames deal with games In strateglc form and only requlre an ordl-
nal assessment of utllity. As the model 1s In strategic form It assumes that
the game Is elther deterministic or that using expectation does not distort
preferences. A first level hypergame Is considered to be a representation of
the game each player thinks he is playlng. Figure 24 1s a simple two person
hypergame. A second level hypergame of the same situation would Include
these matrices and the game player 1 thinks player 2 thinks he is playing and
the game player 2 thinks player 1 thinks he 1s playing, that 1s, the percelved

first level hypergame for each player. This sequence can be continued to the

extent necessary to model the game correctly. This shows promise as a




method of deallng with the regress problem. In our model we would deal with

only the declislon maker's perceptions of the game. But this should be a good

,:gg.c, . method for looking at the possibllities of the situation from the other players’
#,5:'
T perspectives.

L0,
S8 Game Game
; o % Player 2 Player 2
L)
::!A 1 34 2'3 2'4 | '3
Player 1 Player 1
v a2 | 3.1 a1 | 32
b1
10
(-
L

( Figure 24

Simple Two Person Hypergame

;. Confllct Analysis Includes the possibllity of modeling the situation as a
3; _ hypergame. The solution concept proposed Is one of varlous forms of “stabll-
‘2: 1ty.” The baslc argument Is simllar to Nash equlliibrium, the unavallability of
i
;& unllateral Improvements. The Nash concept 1s weakened, or strengthened
i
‘ E‘% depending on your viewpolnt, so that solutlons are always avallable In pure
A%
E&}t ‘_ strategles. The maln advantage I1s that computer algorithms have been
;.‘;:" developed to solve games which are relatlvely large.
3%
"Eff We feel that Conflict Analysls has at least two of the weaknesses of
. L Game Theory as a whole. First, It 1s mutually prescriptive to all players.
Y
<




oy = o - -
A
ot
90
R
-;‘,,a:
)
:e.: They are Interested In finding the solution to the game Instead of helping one
RO
1Y (
A )
player win. Secondly, there Is too much rellance on equilibrlum style solution
;::E B concepts for what Is really a one shot competition. Hypergames, In additlon,
Y
y
;:B‘ * use the strategic form, which we argued agalnst In chapter II. Because of the
‘ﬁ compleXity of any hypergame presentation it Is unlikely that we can escape
()
W
; the use of the strateglic form in this case.
o)
A
We stlll have a great deal of work to do In adapting these concepts to fit
Ak
with the phllosophy and methodology of XDA. Many questlons must be
( - .
)
§‘ answered. For example, Is our modificatlon of rationalizable strategles adapt-
f
abf able to hypergames? How do you tell how many levels of regression are neces-
2%
% sary for a proper analysis? This Is a very promlising research area. However,
( we feel that hypergames coupled with a suitable solutlon concept can be used
i \ successfully to gilve Insight to the structure of the game and to provide a sim-
%
3
N
K 3 ple format to derlve and analyze several levels of regress. It will thus provide
K\
J a valuable additlon to XDA's sensltivity analysls arsenal.
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CHAPTER V

APPLICATION ISSUES AND SUMMARY

A. OVERVIEW AND APPLICABILITY

<

-

We have now looked at all of the pleces of XDA. It Is time to see how

it o

oy i,

s !

all of these components fit together. A brlef general chronology of a

R

hypothetical Extenslve Decision Analysls follows. This description is of a sin-

1

~
o
»

ol

gle analysis, however like Declsion Analysls, the proper way to conduct such a

study Is to use an Iteratlve procedure while gradually Increasing the complex-

ity of the model.

The analyst and the declslon maker model the game In extensive form
(as a declslon tree). They may declde to represent the decision maker by one
or more players. The probabllitles assoclated with the chance nodes are

determined In the same manner as Declslon Analysis. The decislon maker's

i
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type 1s then determined. This Includes his preferences with regard to the
axloms of Declslon Analysls, his utility functlon and an assessment of the
types of the other players Involved. If a single type cannot be specified for a
player then we assess the decision maker’s subjective probability distribution
over the range of possible types. The declislon maker’'s perception of the game
perception component of the opponents’ types Is cross checked agalnst the

game tree to see If the model Is accurate.

Now the model 1s complete and we are ready to attempt a solution.
The concept of rationallzable strategles Is used to determine a specific cholce
or range of cholces at each opponent declsion node. Then the desired level of
Bayesian updating Is used to assign the proper probabllitles to each declslon
node which 1s not a decislon by player 1. Once the opponent nodes have been
resolved the tree 1s solved according to the declslon maker's type, elther with
an expected utllity analysis (average out and fold back, or simple average
out), or a direct or Monte Carlo analysls dellverlng an outcome distribution
over the set of strategy resolved trees with the decislon maker making the
final selectlon. In elther case the final result 1s a value functlon over strategy

resolved trees.

Before the flnal declislon 1s made we perform sensitivity analysls on the
structure and the probabllistic values of the game tree. In this process we use

both traditional techniques and Hypergame analysis to gauge the possible

effect of misperceptions of the structure of the game, perhaps golng so far as




03

to advise the declslon maker on which misperceptions he should actively
foster in order to Improve the outcome of the game. In other words we could
advise him on what type of player he should appear to be and which moves to

take to glve the lmpression that he was of that type.

The final questlon which remalns to be answered 1s the question of what
type of problem are we trylng to solve with XDA. What problems should
XDA be used for? We envislon XDA as operating on the same range of prob-
lems as conventional Declsion Analysls, that Is, 1t would be used to analyze
complex problems In business and government where a relatively large com-
mitment of resources Is planned. It would also be used In the same graduated
manner as Declslon Analysls, that 1s, a small “quick and dirty” analysis for
small problems, perhaps only drawing the tree, and a large full scale analysls
for major problems. Because XDA specifically includes Declslon Analysis It
should be able to do everything which Declslon Analysis can now do. Because
of Its abllity to explicitly handle competitlve decislon making and to deal
accurately with decislon makers who do not ablde by Declslon Analysis's
axloms, XDA should handle many of these problems better than Decislon

Analysis.

B. APPLICATION ISSUES

This work should by no means be consldered a “How To" handbook; 1t
Is a theoretical report on research in progress. However, we feel that the prac-

tlcal aspects of this type of work are of overriding Importance and should be

WU WL R W mr. » ——r R T - .

]

PACO: 4 , v 3OO0 \ ¢
z’t Wy "!‘l A'ifm; i "s.“fif"tf‘kil‘.lz‘,l Ay Ny »“".;Ea “‘.‘l‘:’i".‘i"“'“ KRS \,'3 f"h!}( AN ““(“!‘d( R R ‘ﬂ’“mﬁ ‘a‘-_‘u"" 'Z‘xk':’t‘g'”n"‘;")."“nu.')'f’n"»‘.‘hd!‘.l UOCAO



04

consldered at every turn. Thus we will conslder two Issues Involving the prac-
tical application of XDA. We wlill not presume to describe one method as the

“right” way, but will simply try to explaln all sldes of the issue.

1. To Prune or Not to Prune

This 1ssue Involves the Interaction of the type of the opponents with the
model of the game. The baslc Issue Is whether or not the knowledge of the
type of a player should be used to prune the game tree. For example, why
not eliminate from the tree all successors to a declslon which, glven his type,

the opponent will not make or does not know that he can make?

The pro-pruning argument 1s as follows. The trees of practical sltua-
tlons rapidly become large and unmanageable; the larger the tree the more
difficult are the calculatlons to obtaln a solutlon. Why not make use of the
new information XDA provides us with to keep the tree under control, thus

saving both time and money?

The con argument 1s two fold. One of the major complications of any
competlitlve situation Is the additlon of the possibliity of deception. By not
including as many as possible of the avallable options on the tree we Increase
our susceptibility to deception and reduce our abliity to practice 1t on our
opponents. It may be to our distlnct advantage to force the game Into an
area that one or more of our opponents considers Impossible. The second con-
slderation 1s that a tree which has been pruned on the basls of type of

opponents makes sensitivity analysls on the basis of type Invalld.
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2. Modeling the Declslon Maker as Multiple Players

Rex Brown [1978] argued, very persuasively, for the merits of treating
future declslons by the declslon maker as random events when conducting a
declsion analysls. The baslc thrust of his argument 1s that no model can pos-
slbly allow, explicitly, for all contingencles such as unforeseen events or new
Information and that this lnaccuracy In the model leads to Inaccurate recom-
mendations. Specifically, one tends to undervalue decisions which invoive the
gathering of Information. He argues that 1t 1S more accurate to assess these
uncertalntles In some manner, even If not a strictly accurate one, rather than
to 1gnore thelr existence. He proposes treating uncertalnty about future Infor-
matlon as uncertalnty about future declslons. He claims that decislon makers
are more at ease with this format and more willlng to make probablilistic
assessments of thelr own future decislons than probabllistlc assessments of

unforeseen Informatlon.

XDA handles such situations by modeling the decislon maker as more
than one player. The first decislon, the one that we must make now, as well
as some subsequent decislons would be consldered to be made by player 1, but
other decislons by the declsion maker would be be consldered to be. made by
other players. The decislon maker could be represented by as many players

as he has declislon nodes.

The types of these players would be assessed by the decision maker In

the same manner as the opponents’. Several possible causes of uncertalnty
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( could be broken out and addressed separately as uncertalnty about the type
of the player. Uncertalnty concerning totally unforeseen events can be

retalned as raw probabllities at the declslon node.

The advantage of such a procedure Is obvious, If you agree with Brown's
argument. Even If you do not, we argue that, glven that the probabllities
Involved can be assessed with reasonable accuracy, this form of model Is
Inherently more accurate than a traditlonal one because 1t recognlzes that no
model can be completely accurate and attempts to take this Inherent lnaccu-
racy Into account. It also allows greater flexibility in that 1t will allow us to

model changing utility functlons and simllar phenomena directly.

The disadvantages are equally apparent, In the form of Increased com-

( plexity of the model. This requires additlonal time from the decision maker
in the assessment of the types of these addlitlonal players. It also requires

addltlonal effort In the solution procedure, as more than one type of player

must be consldered to solve subsequent decislon maker declslon nodes.

C. CONCLUSION

Our purpose 1s to help the declslon maker analyze a competlitive sltua-

tlon, using a methodology which 1s superlor to both slmple reasoning and

using Declslon Analysls when treating the opponent as a chance event. We
propose the use of a substantial modification of Harsanyl's model’s typology

of players and a modification of the baslc extensive form of Declslon Analysis

"
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"2 ( to contaln and present the information which the decislon maker has about
'i% the game. We also propose the use of a modified form of rationalizable stra- )
§! tegles and Bayeslan updating to derlve a solution from thls Informatlon. ?
b

W When more than one type of opponent 1s possible this procedure Is

", mathematically equlvalent to assigning probabllities dlrectly to that

4

s opponent's declslon. There are, however, several reasons why the probablll-

’ tles asslgned to opponent declslons In XDA should be superior to those arrived \
L at by dlrect assessment. We follow the traditlon of Declslon Analysls In 1
' belleving that small problems are easler for people to solve than big ones, and
thus break the assessment of these probabllitles into several steps. In addl-

<4

S tlon we have brought In several psychological and mathematical constructs

:: ( from Game Theory and psychology to ald in thls assessment. We have also
2 made an attempt, both In the Bayeslan updating and the Hypergame sens!-
tivity analysls, to explicltly come to grips with the Infinite regress of expecta-

:

tlons, and to Include that factor in our assessment of these probabllitles.

L,

K" This methodology also holds promlse for advising 1ndividuals who do

X

?_" not accept the axioms of Declslon Analysis. While the method 1s not perfect
',". ’ and requlires much more work to serve thls purpose, It Is superlor to forcing

those Individuals to elther accept advice based on expected utility, which Is

5 Inaccurate for them, or to do without advice altogether.

We envision XDA as an analysls package, with the analyst belng able to

use whatever portions are necessary to solve the problem at hand. That goal
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o

Rw, "
-_i ( has not been reached with this work, but progress has been made. There Is a
D
M great deal more work to be done: expanding and statlng with mathematical
.o A
_ . rigor our modlifled form of ratlonallzable strategles, finding more than two
25

he . whole game solution concepts, more thoroughly categorizing the typology of
f.. players, more closely and rigorously examining the Infilnite regress of percep-

_{Q tlon and expectatlon both as 1t applles to Hypergame senslitivity analysis and

¢

"

‘ to Bayeslan updating of priors, and flnally developlng and computerizing the
,. display techniques that wlll be required to successfully Implement thls metho-
‘: dology. All In all we feel that XDA has the potential to be an extremely
0
| powerful tool to Improve the quality of decislons made in competitive situa-
! > tlons. At least part of that potential has been reallzed In this work.
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